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A NEW FISH AND GAME ERA

Man's social progress has, for convenience, been divided into defined
eras or epochs, each covering an important stage of his long climb up the
ladder of our modern civilization. The history of wildlife restoration

and management likewise divides itself into similar periods of recorded

progress.

September 22, 1951, marks the beginning of another step in California's

century-old effort to perpetuate the vast fish and game resources of this

great State. On that date the Charles Brown Fish and Game Reorganiza-
tion Act of 1951, Chapter 715, became operative, and California's new
Department of Fish and (lame began to function. A supplement thereto,

Chapter 1323, clarifies the respective duties of the Fish and Came Com-
mission and the administrator, designated as the director.

The reorganization act transferred to the new department all of the

operations, functions, property, etc., of the former Division of Fish and
Game from the Department of Natural Resources, of which it had been an

integral part since 1927.

The act stipulates that the new department shall be administered in

accordance with the policies and programs established by the Fish and
Game Commission. The director, who is in entire charge of all personnel
and administrative functions, is appointed by the Governor. He is a

member of the Governor's Council and serves at his pleasure.
What does it all mean ! In the- simplest possible language, it is merely

the fruition of a long-delayed recognition of the increasing importance
of angling, hunting, and commercial fishing to the welfare and economy of

California, and to her 11,000,000 citizens. Further, it is an attempt to

centralize administrative responsibility, in the hope of eliminating many
of the past difficulties.

Does the new law materially change the basic functions of the Fish

and Game Commission? No, it does not. The commission still has all of

the essential responsibilities it had previously, but it is relieved of the

worries involved in administrative operations. It is still responsible for

all general policy-making and regulatory functions.

Will the new plan assure greater accomplishments for the dollars

spent? While fish and game management is normally beset with more
headaches than other public functions, the new law, if given a fair trial,

should accomplish the aims of its sponsors. Better coordination and the

elimination of confusion should definitely assure more value for every
dollar spent. Much will depend upon the extent to which all concerned,

officials, departmental personnel, sportsmen, commercial fishermen, and
the general public, succeed in developing a high spirit of teamwork and

cooperation.

(5)
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Among the previous prominenl milestones in California's fish and

game history arc the first game law in 1852, two years after admission to

the Union
;
creation of the original Pish Commission, the forerunner of

the present department, 1870, a year before the Federal < rovernment set

up such an agency; court affirmation of tic people's ownership of fish

and game, 1894; the Bunting License Law of 1!H)7 and the Fishing
License Law of 1913 to provide funds; the establishment of the five-man

Fish and Game Commission, with staggered terms, by constitutional

amendment in li'40; prohibiting the diversion of fish and game funds,

by constitutional amend mei it in l!»4-'_>
;
the delegation of regulatory powers

to the Fish and (dime Commission to fix seasons, bag limits, etc., as is

done in most of the states, 1 ! * 4 ."> ; and the Wildlife Conservation Act of

1947, to provide supplemental funds for a lon<r-negleeted capital invest-

ment program to improve fish and game conditions, a $12,000,000 venture
to date.

We now have a Fish and Game Department with an annual budget of

$6,000,000, none of which comes from general taxpayer contributions.

We have close to 800 excellent employees, the largest state fish and game
agency in the T"nited States.

This new pattern of fish and game administration is novel, and largely
untried. If it succeeds, other states will quickly adopt it. If it fails, some-

thing better will replace it. Future historians must evaluate the results.

Y<s. notwithstanding the problems of the past, California's fish and

game history is a notable one. We of the department, and the people of

California, cannot let the new venture fail. Each of us must help make
the new epoch a rousing success.

Director



BAIT FISHES OF THE
LOWER COLORADO RIVER FROM LAKE MEAD,

NEVADA, TO YUMA, ARIZONA, WITH A
KEY FOR THEIR IDENTIFICATION

1

By ROBERT RUSH MILLER
Museum of Zoology, University of Michigan

INTRODUCTION

Transformation of the unpredictable, silt-laden, lower Colorado River
into the placid bine waters which now characterize its course I'm- long
stretches, has brought with it nnforseen problems in biological manage-
ment. One of these problems concerns the bait needs of the thousands of
fishermen who yearly seek the recreation afforded by the river and its

artificial lakes. Such major introductions as the rainbow trout (Salmo
gairdneri), channel catfish (Ictalurus punctatus) ,

2
largemonth black

bass (Micropterus salmoides) ,
and bluegill (Lepomis macrochirus) ,

have
created a fishing intensity which the lower Colorado River has never

experienced heretofore. Few, if any, of the multitude of fishing enthus-
iasts who purchase bait fishes are aware of the possibility that the escape
of some species could, with establishment in the river, do major damage
to the fishery. Indeed, it is only the unusual individual who observes that

bait dealers offer more than a single species for sale. Neither are must
bait dealers cognizant of the fact that the introduction of exotic species
into the Colorado might lead to the serious curtailment or elimination of

their business through a decline in the fishery.
A major purpose of this article, therefore, is to distinguish between the

species of bait fishes that are being (or have been) utilized along the river,

from Lake Mead to Yuma, and to make it possible for bait dealers,
interested fishermen, fishery biologists, and wardens to identity mosl of

the species that are being sold. Nearly all of the species are illustrated

by a line drawing and each is further identified by means of an artificial

"key," which provides a rapid index to the distinctive characters of each

kind. The known or probable origin of the species is given, along with a

considered judgment as to whether its establishment in the river will

cause damage to the fishery. The natural distribution and general habitat

requirements of each bait fish are also presented, insofar ;is they are

known. Some of the bait fishes listed below (such as the carp, mosquito-

fish, bluegill, and green sunfish) are already a part of the river fauna,

but, with the possible exception of the Utah chub (Gila atraria) and the

Bonneville mottled scnlpin (Coftits Ixu'rdisi miscaber), none of the others

has become established so far as known at present I May 1. 1 !»">1).

1 Submitted for publication May, 1951. The field work was financed through a research
grant from the Horace H. Rackham School of Graduate Studies, University of Mich-
igan. Common names employed herein are those officially adopted by the California
Department of Fish and Game and are not necessarily the choice of the author.

2 It has been found that /. lacustris is synonymous with Lota lota. See article by J.

Murray Speirs in Copeia (in press).
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AN ILLUSTRATED KEY TO THE BAIT FISHES OF THE

LOWER COLORADO RIVER

In the dichotomons key that follows, the reader has two alternatives

(a and b) to choose at a time and, having* made a choice, he then chooses

again between two sets of opposed characters, and continues until the

name of a species is reached. The contrasting characters for each pair
are always indicated by the same number, for example 2a and 2b; please
read both of the opposed characters before reaching a decision as to

which one to follow. Technicalities have been purposefully reduced to a

minimum in this simplified key, and it is hoped that most users of the

key will be able to identify their specimens largely from the drawings.
It should be possible, with practice, to recognize most of the 32 species

keyed out below. However, the identity of some of the species of suckers

(particularly the mountain-suckers of the genus Pantosteus) is difficult
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to determine even for the expert, and a workable key to such species is

hardly practical. Thus certain portions of this key (particularly items

15a to 17b) are presented with the realization that they will not work for

every specimen. The scale on each drawing represents one inch.

la. A small, fleshy fin (the adipose fin) on the back jusl in front of the caudal (tail) fin.

Teeth in jaws large and sharp r

Mexican banded tetra, Astyanax fasciatus mexicanus

FIGURE 1. Mexican banded tetra

lb. No adipose fin. Teeth in jaws small or absent.

2a. Pelvic (belly) fins attached to abdomen below pectoral (breast) fins. Dorsal tin

comprising two parts, a spinous and a soft portion, which arc either united in-

separate. ( The spinous part may be only feebly spine-like. )

3a. Body without scales but typically with a small patch of prickles on each side

behind pectoral fins Bonneville mottled sculpin, Coitus bairdi iemiscaber

FIGURE 2. Bonneville mottled sculpin
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'. Body covered with scales (verj small in the mudsuckers) .

4a. Bodj I < '
1 1 l; and slender, the tail rounded. Jaws extremely long, extending

backward nearly to end of bead i mudsuckers, genus Gillichthys
3
) .

5a. Pectoral fin rays (all rays counted) usually 19 \» 21, infrequently 18
or 22 Longjaw mudsucker, Gillichthys mirabilis

5b. Pectoral rays usually 22 to 23, sometimes '_M or - 1

Gulf mudsucker, Gillichthys detrusus

FIGURE 3. Gulf mudsucker (after Gilbert and Scofield)

4b. Body moderately slender to deep, the tail forked. Jaws normal, not extend-

ing beyond eye.

6a. I tarsal fin made up of two separate parts. Body crossed by prominent, dark
vertical bands. Two spines in anal fin Yellow perch, Perca fiavescens

FIGURE 4. Yellow perch (after Forbes and Richardson)

3 The key to the two species of Gillichtliys is taken directly from a manuscript by Isaac
Ginsburg, through his kind permission. See text for status of G. detrusus in California.
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6b. Dorsal tin single. Body with less marked hands, often indistinct or absent.

Three spines in anal tin (sunfishes, genus Lepomis).
7a. Mouth larger, upper jaw extending to below middle of eve. Pectoral tins

short and rounded, their length entering about 4 times in distance

from tip of snout to base of tail tin Green sunfish, Lepomis cyanellua

FIGURE 5. Green sunfish

71). Mouth smaller, upper jaw not extending hack as far as anterior margin
of eye. Pectoral fins long ami pointed, their length contained about

3 times in distance from tip of snout to base of tail fin__

Bluegill, Lepomis macrochirus

FIGURE 6. Bluegill
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2b. Pelvic tins attached to abdomen well behind pectoral fins, usually nearly below

origin of dorsal fin. A single, sofl rayed
' dorsal fin.

8a. Bead covered with scales. Dorsal and anal fins aboul equal in size, t ho origin
of the dorsal slightly before, to well behind, thai of the anal. Small teeth in

jaws.
9a. Dorsal fin small, typically with only 6 rays (including first small ray and

last two counted as one), its origin well behind that of anal tin. Anal tin of

mature male modified into a spike like reproductive organ
Western mosquitofish, Gambusia affinis affinis

FIGURE 7. Western mosquitofish, male (above) and female

9b. Dorsal fin much larger, with 12 or more rays, its origin over or slightly in

front of that of anal. Anal fin of male not modified into a spike-like organ.
10a. Sides of body with a weak lateral band that tends to form irregular

spots and incomplete vertical bars posteriorly. Scales in lateral series
t from end of head to base of tail ) fewer than 40

Southern California killifish. Fundulus parvipinnis parvipinnis

FIGURE 8. Southern California killifish (male)

* With a serrated spine in the carp and goldfish, or 2 smooth spines in Plagoptertis and
Lepidomeda. See items 19a and 19b.
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10b. Sides of body crossed by numerous vertical bars, broader and more
conspicuous in males than in females. Scales in lateral scries more
than 40 Southwestern Plains killilish. Fundulus zebrinua

FIGURE 9. Southwestern Plains killifish (male)

Sb. Head scaleless. Dorsal and anal fins typically unequal in size, the origin of the

dorsal always well in advance of that of the anal. Nfo teeth in jaws.
11a. Mouth on lower side of head, with thick fleshy lips. Caudal rays 18,

1<> branched (suckers, family Catostomidae) .

12a. No distinct notch I see Fig. 14B) at corner of month between upper
and lower lips. Upper lip nearly Hat. covered with small papillae.

Lower liji with a deep, median notch (genus Catostomus) .

13a. Dorsal and caudal tins very large, the dorsal with a sickle-shaped

margin. Caudal peduncle t base <>f tail ) pencil-shaped. Scales very

small, 89 to 1 12 along lateral line __„

__Flarinelmouth sucker, Catostomus latipinnis

FIGURE 10. Flannelmouth sucker. Inset shows ventral view of mouth.
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L3b. Dorsal and caudal fins qoI notably enlarged, the dorsal not sickle

shaped. Caudal peduncle nol pencil-shaped. Scales Large, 55 to

~(i along lateral line.

1 la. Mandible (lower jaw) short, its length contained 3.5 or more
times iii the head length. Upper lip narrow.

Western white sucker, Colostomas commer&oni suckleyi

FIGURE 11. Western white sucker

14h. Mandible long, its length contained 3.3 or less times in the

head length. Upper lip broad
Utah sucker, Catostomus ardens

,
:Pfip

FIGURE 12. Utah sucker

12b. A distinct notch (Figure 14B) at corner of mouth between upper
and lower lips. Upper lip recurved, smooth. Lower lip with a

shallow, median notch 5
(genus Pantosteus) .

15a. Fontanelle on top of skull (Figure 14A, C) typically open (ex-

posed by scraping away skin and membranous cover).
16a. Pigment on sides extending below base of pectoral tin and onto

lower surface of head

Dusky mountain-sucker, Pantosteus species

FIGURE 13. Dusky mountain-sucker

5 Except in Pantosteus plebeius in which it is deeper than usual for the genus.
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16b. Pigment on sides nol extending below :i horizontal line well
above pectoral base; n > on lower surface of bead

Bonneville mountain-sucker, Pantosteus platyrhynchus

 

\
.

 ^
 

'

^

FIG URE 14. Bonneville mountin-sucker. Inset A shows open fontanelle; B, notch at

lip corners; and C, method of exposing fontanelle.

15b. Fontanelle typically closed (Figure 15).
17a. Dorsal rays usually 10 (rarely 9, occasionally 11; count in-

cludes only principal rays I. Snout more bulbous, conspicuously

overhanging the mouth. Cartilaginous sheaths on jaws well

developed ; median incision of lower lip shallow.

18a. Scales larger, about 7~> to !>."> in lateral line. Caudal
peduncle deeper, its least depth about 2.7 to ."..1 times in

head length Utah
bluehead mountain-sucker, Pantosteus delphinus utahensis

FIGURE 15. Utah bluehead mountain-sucker. Inset shows closed fontanelle.



16 CALIFORNIA PISH AND GAME

ISb. Scales smaller, aboul '.»('> to 118 in lateral line. Caudal

peduncle slenderer, its least depth about 3.0 to .".."> times in

head lengtb Northern
bluehead mountain-sucker, PantosU us delphinus delphinus

FIGURE 16. Northern bluehead mountain-sucker

L7b. 1 >' >is.il rays usually !> (occasionally 10). Snout slightly bul-

bous, hardly overhanging the month. Cartilaginous sheaths on

jaws weak : median incision of lower lip rather deep
Rio Grande mountain-sucker. I'antosteus plebeius

FIGURE 17. Rio Grande mountain-sucker
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111). Mouth terminal or subterminal, nol on lower side of head, the lips

not thick and fleshy. Caudal rays 19, 17 branched (minnows, family
Cyprinidae) .

19a. Dorsal and anal fins each with a saw-edged, hard spine (rather
inconspicuous in the young). Dorsal fin Long, with more than 15
soft rays (branched rays plus one. the las! two counted as one raj i .

20a. Upper jaw with 2 fleshy barbels ("whiskers") on each side.

Scales in lateral line .*'.."» to 38, sometimes scaleless ("leather"
carp) or partially scaled ("mirror" carp). (Total gill rakers on
first arch 21 to 27; pharyngeal teeth in ."> rows on each arch.)

Carp, < 'yprin us carpio

FIGURE 18. Carp (after Forbes and Richardson)

201). Upper jaw without barbels. Scales in lateral line 20 to 20. (Total

gill rakers 37 to 43; pharyngeal teeth in a single row.)
Goldfish, Carassius auratus

FIGURE 19. Goldfish
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lb. Dorsal ;iih1 anal fins withoul heavy, toothed spines, the dorsal fin

with - smooth spine- or none ;it all. Dorsal short, with 1.3 or fewer
rays.

21a. First two dorsal rays modified as smooth spines, the anterior one
with :i groove <>n its posterior side into which the second fits.

Inner border of pelvic tins attached to body bj membrane, the

pelvic raj s spine like I at least in part) .

22a. First dorsal spine long and sharp. Body slender, elongate, its

color like burnished silver. No scales. Eye small
Wound fin. Plagopterus argentissimus

FIGURE 20. Woundfln

22b. First dorsal spine short, not sharp at tip. Body heavier and
not brighl silvery all over. Scales present except just behind

pectoral fins. Eye la rue.

23a. Length of mandible (lower jaw) enters distance between
origin of dorsal fin and tip of snoul 4.6 to 4.9 times. Sides of

body mostly silvery, somewhat mottled, with only scattered

pigment below level of lateral line

Virgin River spine-dace, Lepidomeda species

j&H — :

~

FIGURE 21. Virgin River spine-dace
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23b. Length of mandible 4.1 to 4.C> times in distance from dorsal

origin to tip of snout. Sides of body darker, with ;i strong
tendency to form n dark lateral band, the pigmenl extending
well below level of lateral line

White River spine dace, Lepidomeda species

yMd^mm

I ^

FIGURE 22. White River spine-dace

21b. Dorsal fin without spine-like rays. Inner border of pelvic fins

not attached to body, the pelvic rays nowhere spine-like.

24a. Anal fin large, usually with 10 to 15 rays, the fin margin sickle-

shaped. Origin of dorsal tin well behind thai of pelvics. Lateral

line notably decurved, running much nearer ventral profile

than back.

25a. A fleshy keel on abdomen between pelvic and anal tins, over

which the scales do no1 pass. Dorsal rays 8

Golden shiner. Notemigonus crysoleucas

FIGURE 23. Western golden shiner. Inset shows keel
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25b. No Seshy keel on abdomen. Dorsal rays '.• to 12.

26a. Mouth short, qoI extending backwards much beyond nos-

trils. No pink or red band in life. (Dorsal 10 to 12, teeth

5-5, f,
r ill rakers 17 to JG.) -

Sacramento hitch, Lavinia exilicauda exilicauda

FIGURE 24. Sacramento hitch

I'lilt. Month long, extending backward to or beyond anterior

margin of eye. A pink or red hand on side in both sexes.

especially prominent on males in breeding season. (Dorsal
!i to 11. teeth I'. 5-4, 2, gill rakers 6 to !">.)___ ..Bonne-
ville redside shiner. Richardsonius balteatus hydrophlox

FIGURE 25. Bonneville redside shiner (nuptial male)
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24b. Anal tin small, typically with 7 to '•> rays (occasionally 10 in

Notropis lutrensis), the fin margin nearly straighl or rounded.
Origin of dorsal tin over or behind thai of pelvics. Lateral line
not notably decurved.

27a. Scales very large, fewer than 4<) along lateral line

Plains red shiner. Notropis lutrensia lutrensis

FIGURE 26. Plains red shiner

271). Scales moderate to very small, about 45 to 95 along lateral

line.

28a. Anal fin with 7 rays only (very rarely 8 in Rhinichthys) .

Size small.

29a. Origin of dorsal fin directly over that of pelvics. Scale

radii on apical and lateral fields only. Head short,

rounded, blunt Southwest-
ern fathead minnow, Pimephales promelas confertus

^~^%-

 

-

b-; a

FIGURE 27. Southwestern fathead minnow (nuptial male). Inset shows scale.
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29b. Dorsal fin located well behind pelvies. Scale radii on all

fields, like the spokes of a wheel (Figure 29). Head
no1 notably short, rounded and blunt.

30a. Sides hI' bodj silvery. Scales very small, usually 71
Id 90 in lateral line. Anal fin of adult elongate, par-
ticularly in Hie breeding male. (Teeth 4-4, a small
barbel invariably present.)

Longfin dace, Agosia chrysogaster

FIGURE 28. Longfin dace (male).

30b. Sides of body speckled ("salt and pepper" effect) or
with a longitudinal band (or bands). Scales not so

small, about .1.1 to 70 in lateral line. Anal fin not
notably elongate. (Teeth 1, 4-4, 1, or 2, 4-4, 2, barbel

present or absent.)

--Speckled dace, Rhinichthys nubilus

^*M
x«0&?ft(?$rWW>

-N

^s^mmm&%&

FIGURE 29. Speckled dace. Inset shows scale.
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2Sb. Anal fin larger, typically with 8 rays. Size larger.
31a. Origin of dorsal fin over thai of pelvics. Dorsal rays

usually nine (occasionally eight). Radii on apical field

of scale only. Body plain dark brownish or black, with
yellowish cast. (Teeth 2, 5-4, 2, gill rakers 10 to 15,
lateral-line scales. >1 to 63.) Utah chub, Gila atraria

FIGURE 30. Utah chub

31b Origin of dorsal tin behind thai of pelvics. Dorsal rays

typically eight. Scales with radii on apical and lateral

fields. Coloration not uniform. (Teeth 2, 5-4, - in G.

nigrescens, 2, 4-4, 2 in Snyderichthys, .nill rakers 7 to

9, lateral-line scales 55 to 80.)
32a. Scales in lateral line fewer than TO. Sides of body

often marked by two horizontal dark bands
Rio Grande (hub, Gila nigrescens

FIGURE 31. Rio Grande chub
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32b. Scales in lateral line 70 to 80. Body bluish above,
silvery below, with a dusky lateral shade and a leath-

ery texture to the skin

Leatherside chub, Snyderichthys aliciae

FIGURE 32. Leatherside chub

CHARACIN FAMILY {CHARACIDAE)

The American characins are almost wholly confined to South and
Middle America. A single species readies the United States in western
Texas and New Mexico.

Mexican Banded Tetra, Astyanax fasciatus mexicanus (Filippi). Figure 1.

This charaein was first recorded as a bait fish along the ( lolorado River

by Evans and Douglas (1950) on the basis of specimens offered for sale at

Bob Williams' Bait Shop in Yuma. Arizona. These individuals were ex-

amined by C. L. Ilubbs and the writer on March 23, 1950.

The Mexican banded tetra evidently was accidentally included in a ship-
ment (or shipments) consisting mostly of fathead minnows. Pimephales
promt Ins. that came from Truth or Consequences (formerly Hot Springs)
on the Rio Grande, New Mexico. These fish were being sold at Fisher's

Landing. Laguna Dam, about 14 miles above Yuma, and in the Yuma
area—only on the Arizona side of the Colorado River.

The aggressive and frequently vicious nature of this sharp-toothed
charaein is known to those who have had first-hand experience with it

(Breder, 1943). The voracious nature of this species was conclusively
proven to me from observations I made on a closely related subspecies
in the lowlands of Guatemala in 1946 and 1947.

Under no circumstances should this potentially dangerous carnivore
be used for bait, for its establishment in the Colorado River might well
have a disastrous effect on the fishery.

SUCKER FAMILY (CATOSTOMIDAE)

This common group of fishes is largely restricted to Xorth America. Two
species live in eastern Asia and one penetrates southward to Guatemala.
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Western White Sucker, Cafostomus commersom suckleyi Girard." Figure 1 1.

This sucker, which is native to the streams of the eastern slope of the
Rocky Mountains, was probably introduced as bail into the upper Colo-
rado River near Hot Sulphur Springs, Grand County, Colorado, aboul
1938 (Hubbs, Hubbs, and Johnson, 1943, p. 12-13 and 39-40). It was
first collected in the Colorado system on April 21, 1941, when John T.
Greenbank took an adult in Dry Creek, three miles west of Olathe, Mon-
trose County, Colorado. Since then it has rapidly increased I Hubbs and
Hubbs, 1947, p. 153-154).
A single yearling sucker, which probably is this species, was broughl

in by Philip Douglas from Kinder's Camp, California, where it was
collected on June 21, 1950. There is the slight possibility thai it may he

an aberrant specimen of the Utah sucker, Catostomus ardi its Jordan and
Gilbert.

This species may have come from Green River, Utah, a locality fre-

quently mentioned to me by bait distributors as one from which bait collec-

tors have secured their specimens. If so, the western white sucker is

spreading down the Colorado system.
Catostomus commersoni inhabits both streams and lakes and is one of

the species preferred for propagation as a bait fish in the Great Lakes

region. However, its use for this purpose along the lower Colorado River
is not recommended at this time for the reason that other species of

suckers which are native to these waters may well prove to be as suitable
or even more so.

Utah Sucker, Catostomus ardens Jordan and Gilbert. Figure 12.

This sucker is native to the basin of ancient Lake Bonneville, which
covered most of Utah and adjacent parts of Idaho, Wyoming and Nevada,
and to the upper Snake River (above Shoshone Falls), in Idaho and

Wyoming. It is an adaptable species, living in lakes, rivers or creeks at

warm to very cold temperatures, in slow to rapid current, in silty to clear

water where the bottom varies from soft mud to clay, gravel and stones,
and where there is usually some algae or submerged plants or both. In

Bear Lake, it lives in water at least as deep as 76 to 80 feet (data through

courtesy of Dr. R. M. Bailey).
This species has been taken twice from bait tanks along the lower

Colorado River. Al Jonez, of the Nevada Fish ami Game Commission.
obtained one yearling from a bait box on Lake Mead in February. 1951,
and Richard D. Belaud, of the California Department of Fish and Game,
picked up a yearling from the Havasu Springs Resort. Arizona, on April

10, 1951. The bait at the latter locality was reported by George Savard to

have come from A. G. Sessions at Marysvale, Utah. This is on the Sevier

River, a stream in which the Utah sucker is common.
In Wyoming, the Utah sucker attains a length of 25} inches and a

weight of more than 12 pounds and is known to eat trout eggs when
available. (Simon, 1946, p. 56-57; species recorded as C. fecundus). This

species is highly adaptable and has occurred in Utah Lake, Utah, in exces-

sive numbers (Jordan, 1891, p. 31). Its establishment in the Colorado

River, however, would probably prove to be harmless to the fishery.

8 The nomenclature throughout this paper is brought into line with the recent revisions
in the International Rules of Zoological Nomenclature (Bulletin of Zoological Nomen-
clature, 1950).
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Flannelmouth Sucker, Cafosiomus latipinnis Baird and Girard. Figure 10.

The flannelmoul li sucker, so named because of the long, fleshy lobes of

the lower lips in large adults, is one of the few species of native fishes

Pound throughout the Colorado River system. The streamlined body
admirably adapts this fish to a swift-water habitat, to which adults are

confined. To my knowledge, however, this species has never been collected

from the Colorado River below the Virgin River, the mouth of which is

now flooded by Lake .Mead. It is known from the Gila River drainage of

southern Arizona, where, however, it is very rare.

Two subspecies have been recognized (as by Hubbs, Hubbs, and
Johnson. 1943, p. 60 ), but the basis for this separation is so insecure that

it seems unwise, for the present, to continue the use of trinomials.

This species was first noted as a bait fish by C. L. Hubbs on August 31,

1938, at Alexander's Bait Shop. Las Vegas; Mr. Alexander's source was
th»» Virgin River west of Bunkerville, Nevada. On December 31, 1948,
0. L. AVallis obtained a specimen (reportedly from Santa Clara River,

Utah) at the Lake Mead Boat Dock. The flannelmouth sucker was secured

by our party at the Lake Mead Boat Dock and from two bait dealers at

Pittman, Nevada, on June 16, 1950. It was also collected by Richard D.
Belaud in December, 1950, from Shorty's Bait Shop at Topock, and on
June 21, 1950, two flannelmouth suckers were brought in by Philip

Douglas from Kinder "s Camp.
Most of the flannelmouth suckers that 1 have examined evidently came

from the upper Colorado River, perhaps from the Green River basin or

from the vicinity of Grand Junction, Colorado (the occurrence of this

species and the western white sucker in the same bait tank suggests this

latter source). However, the specimens from Las Vegas and Lake Mead
came from the Virgin River and probably the Santa Clara River, respec-

tively. Milt Holt, bait collector at Gunlock, Utah, has written (letters of

March 18 and April 10. 1951) that he collects most of his fishes from
Santa Clara River and Beaver Dam Wash, southwestern Utah, and that

he has delivered bait to eight retailers in the Lake Mead area (including
the two at Pittman) . We collected flannelmouth suckers from Santa Clara

River, 2\ miles below Gunlock on June 17, 1950.

This species typically has 12 or 13 (10 to 14) dorsal rays in the upper
Colorado River (above Lees Ferry), 13 or 14 (12 to 15) in the Virgin
River basin, and 13 to 15 (only 17 specimens counted i in the Gila River
basin. ( Jounts of nine specimens from the Pittman dealers gave a range of

10 to 13 (usually 12' dorsal rays which indicates, substantiating the

testimony of the dealers, that these suckers came from the upper Colo-

rado. The two Lake Mead specimens each had 13 dorsal rays. The two

specimens from Kinder 's Camp (counted by C. L. Hubbs) had 11 and 12

rays and each of the two from Shorty's Bait Shop (also counted by
Hubbs i had 10 dorsal rays—clearly indicating importation from some

point above Grand Canyon.
It is questionable if the flannelmouth sucker will become established

in the lower river or its reservoirs as the habitat is unsuitable in the reser-

voirs and competition with trout would probably exclude the species in

the swift, cold waters below the dams. The apparent absence of this species
in the original river also argues against its possible establishment there

now. This species is therefore regarded as a harmless bait fish.



BAIT FISHES OF THE LOWER COLORADO RIVER '2 i

Bluehead Mountain-Sucker, Paniosteus delphinus (Cope). Figures 15 and 16.

This sucker is not quite so widespread in the Colorado River as the

flannelmouth, for it is unknown from the Gila River basin. It is common
in the streams of the Virgin River drainage, where the adults seek the

swift waters of riffles or the pool heads where the currenl is turbulenl
;

the young may occur in quieter water. Like other mountain-suckers, this

fish is a bottom feeder, eating much algae which it scrapes from rocks

with the chisel-like ridge inside each lip. Because of their rapid- to very
swift-water habitat, it was a surprise to find them surviving so well in

bait tanks.

Two subspecies may be recognized (see Figures 15 and 16): a very
fine-scaled form with a conspicuously slender caudal peduncle, called

Pantosteus delphinus delphinus (Cope), and a coarser-scaled form with a

deeper caudal peduncle, called Paniosteus delphinus utaht nsis I Tanner).
This species has been detected in bait dealers' boxes as follows: Alex-

ander's Bait Shop, Las Vegas, August 31, 1938, C. L. Hubbs (P.d. it (a In li-

sts, Virgin River) ;
Lake Mead Boat Dock, December 31, 1948, 0. L.

Wallis (P. d. utahensis, Santa Clara River); Pittman, Nevada (two

dealers), June 16, 1950, R. R. Miller and II. E. Winn (P. d. delphinus ;

Shorty's Bait Shop, December, 1950, R. I). Beland (two identified by C.

L. Hubbs as P. d, delphinus and two others as P. d. utahi nsis) ; Murphy's
Windmill Camp, February 3, 1951, R. D. Beland (6 /'. d. utahi nsis and

one not certain as to subspecies) ;
bait box on Lake Mead, February, 1951,

Al Jonez (two small adults, P. d. utahensis \
.

The streamlined subspecies {delphinus) very probably came from

Green River, a known bait source for fishes handled by tin 1 dealers at

Pittman. The chubbier form [utahensis) undoubtedly (except for the one

sample known to have come from Virgin River) came from Santa Clara

River near Gunlock, Utah, a stream in which it abounds and from which

bait samples are taken.

Neither of these native subspecies is likely to become established in

the lower river or its reservoirs; even if they should adapt themselves

successfully, it is not expected that they would do so in numbers great

enough to affect the fishery adversely. The local subspecies, P. d. utahi n-

sis, is regarded by Milt Holt as his best bait. Whether this fish can be

propagated is not known, but some species of PantosU us may live two or

more years in dirt tanks (personal observation).

Bonneville Mountain-Sucker, Paniosteus platyrhynchus (Cope). Figure 14.

This species is native to the Bonneville basin, Utah, and the Snake

River above Shoshone Falls. It inhabits cool, moderately slow to very

swift waters, living in pools, on riffles and in rapids. It is one of the com-

mon fishes of the Bonneville basin.

The first specimen of the Bonneville mountain-sucker from the Colo-

rado River to come to my attention is a small adult deposited in the Lake

Mead Recreational Area Museum and bearing the following data : "'Lake

Mead, September 8, 1938, collected by .Johnny Westen." This record

received advance notice by Wallis (1951, p. 89). The data are meager
but it seems evident that this specimen represents a bait introduction,

possibly from the Sevier River, Utah. That bait fishes were being handled

as early as 1938 is evident from the testimony of Milt Holt and also from
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the field records of C. L. Ilubbs. ( >n July 3, 1938, he interviewed Clarence
Alexander of Las Vegas, who was supplying live bait for the fishing at

Lake Mead. This species was not, however, one of those noted in Mr.
Alexander's tanks, for he reported that his fishes were seined in the

Virgin River west of Bunkerville, Nevada, and thus not within the

natural range of this sucker.

On February 3, 1951, R. D. Belaud obtained a small specimen of this

species from Murphy's Windmill ('amp, California, and on April 10,

1951, he |)icked up three specimens at Havasu Springs Resort, Arizona.
The latter were reported by (Jeorge Savard to have come from A. G. Ses-

sions at Marysvale, Utah, on the Sevier River.

It is not expected that this species will become established in the Colo-

rado River and hence its use as bait seems harmless. It is possible that

this sucker might be more suitable for propagation than the bluehead
mountain-sucker. A. G. Sessions of Marysvale, 1'tah. reports that he is

attempting to propagate this fish. Simon (1946, p. 60) wrote that, where

plentiful, this species is an important forage and bait fish in Wyoming.

Rio Grande Mountain-Sucker, Pantosteus plebeius (Baird and Girard).' Figure 17.

The precise range of this species is imperfectly known but it is gen-

erally attributed to the Rio Grande, in Colorado and New Mexico, and to

streams of northern Mexico. Its preferred habitat is similar to that of

other mountain-suckers—rather shallow, swift, cool water.

The only record of this species as a bait fish along the Colorado River

is of a single yearling identified by Ilubbs and secured by Willis A. Evans
on July 5, 1950, from the Intake Store. California.

This specimen evidently came from the basin of the Rio Grande, prob-

ably in Xew Mexico (as the genus is not known to occur naturally in

Texas). A logical source is Truth or Consequences (formerly Hot

Springs), where bait is propagated (see account of fathead minnow).
The Rio Grande mountain-sucker is no more likely to become estab-

lished in the Colorado than the previous species of Pantosteus, and it is

therefore judged to be harmless.

Dusky Mountain-Sucker, Pantosfeus species. Figure 13.

This species is only known from the northern part of Spring Valley,
an interior basin lying to the east and northeast of Ely, Nevada. It was
first collected there by Ilubbs and Miller in 1938, at which time it was so

rare that only three specimens were secured.

On June 16, 1950, Miller and Winn obtained two half-grown specimens
from the Shell Oil Station at Pittman, Nevada, and Richard Beland ob-

tained a small adult from Murphy's Windmill Camp on February 3,

1951. The latter evidently was supplied by the Pittman dealer where we
saw numbers of live individuals of this species. The Pittman dealer told

me that this sucker came from near Caliente, Nevada ( in the drainage of

Meadow Valley Wash), but careful comparison with specimens of the

Pantosti us inhabiting that region fails to confirm this testimony. Spring-

Valley is about 100 miles north of Caliente, and evidently was the real

source.

7 Researches to date on the genus Pantosteus strongly suggest that P. plebeius is con-
fined to tributaries of Lake Guzman in southern Xew Mexico and northern Chihua-
hua, Mexico. If so, the Rio Grande species should have a different name, but what
name is not yet clear.
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The further use of this species for bait is to be discouraged because of

its restricted range and the desirability of conserving an interesting

species for posterity.

MINNOW FAMILY (CYPRINIDAE)

The members of this diverse group of fishes, commonly called chubs,
shiners, dace, etc., are usually small. Like the suckers, they have uo jaw
teeth but do have pharyngeal teeth, deep in the throat. ( >ne of the largesl
minnows in the world, the so-called "Colorado salmon" I Ptychocheilus
lucius), is still rarely taken in the lower Colorado; in former years when
it was abundant, it is said to have reached a length of six feel and a weighl
of 100 pounds.
Minnows are of considerable economic importance, for their wide dis-

tribution and abundance make them important in the food cycles of all

predacious fishes. Their value for bait is well proven.
More than 200 species of minnows are recognized in the United States

and since many are very similar in appearance their identification is

often difficult, even for the specialist. Fifteen species have thus far (May
1, 1951) appeared in the bait tanks and boxes along the lower Colorado
River.

Carp, Cyprinus carpi'o Linnaeus. Figure 18.

This well-known species, originallv from Asia, has been established in

the river for more than 60 years (Gilbert and Scofield, 1898, p. 487). Its

preferred habitat is warm rivers and lakes. Although the early introduc-

tion of carp into the United States was hailed, this fish has repeatedly
been condemned by biologists and most laymen. Since it is an extremely

hardy and prolific fish, attempts to rid our waters of it have generally

proved to be fruitless.

Young carp appear sporadically in bait tanks along the river and have

been used either as live bait or cut bait for some time (Dill, 1944, p. 153) .

The two varieties—mirror (with a few enlarged scales) and leather

(largely scaleless)
—are not infrequently seen. Carp were being sold for

$1.25 per dozen at Shorty's Bait Shop, on April 7, 1950, and this species

was the chief bait handled. Bob Bolam, operator of the Needles Boat

Landing, told me on June 15, 1950, that he sells young carp for bait and
that they come from Pahranagat Lakes, Lincoln County, Nevada. We
identified a few specimens in his bait tank. Small carp were also being
sold by the two dealers at Pittman, on June 16, 1950

;
these were reported

to have been brought in by youngsters from Nevada, perhaps from the

same Pahranagat Lakes which are readily accessible and are known to

contain carp. The species (leather variety) was also noted by Philip

Douglas (identified by C. L. Hubbs) at Kinder 's Camp on June 21, 1950,

and by R. D. Beland at Havasu Springs Resort on April 10, 1951.

Since the carp is already excessively abundant in sections of the river

its continued introduction will probably not affect the fishery.

Goldfish, Carassius auratus (Linnaeus). Figure 19.

This familiar aquarium and pond fish has been widely transplanted
from its original home in eastern Asia. Warm lakes and quiet streams,

with abundant vegetation, are its preferred habitats.
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The only published record of the use here of this species for bait, of

which 1 am aware, is that by Dill (1944, p. 177). who said that goldfish
were kept for bail in live-boxes at Lake llavasn. None was seen along

1

the river or in it during our shorl survey, but 0. L. Wallis wrote (April
16, 1951 ) that this species was being used for bait at Temple Bar Wash,
Arizona, in March. 194!». Mr. Wallis was told That fishermen from King-
man were bringing in the goldfish.

It is doubtful if this species will become adapted to the < lolorado River,

although it might gain a foothold in the warmer parts of the reservoirs.

Its use as a bait fish is not recommended.

Speckled Dace, Rhinichthys nubilus (Girard)." Figure 29.

This exceedingly variable species is widely distributed over the western

United States. Within the limits of its range, it has evolved into a con-

fusing array of local kinds, the status of which is imperfectly known.

Hence, for the purposes of this paper, no snbspecific designations will be

used, although it has often been possible to recognize the general or even

precise source of the several kinds that have appeared in bait tanks.

The conditions to which the speckled dace is adapted vary from swift,

cold riffles of mountain streams and the strong current of lower, warmer
rivers, to less rapid waters and to the quiet conditions of isolated warm
springs and their outflow ditches.

This species has been taken from bait tanks at the following places:
Alexander's Bait Shop, Las Vegas, C. L. Hubbs, August 31, 1938 (from

Virgin River west of Bunkerville. Nevada I

;
Lake Mead Boat Dock, 0. L.

Wallis, December 31, 1948 (two Types, source uncertain, one probably
Santa Clara River) ;

Pittman (two dealers), Miller and Winn, June 16,

1950, two distinct stocks, one from "Green River" and the other from
Meadow Valley Wash, evidently in the vicinity of Caliente. Nevada:
Kinder 's Camp, P. A. Douglas. June 21, 1950, seven adults, probably
from the Virgin River system ; Shorty's Bait Shop, R. D. Beland, Decem-
ber. 1950, two stocks ! as identified by C. L. Hubbs), one from the Bonne-

ville basin (evidently Sevier River. Utah) and the other from the Virgin
River system: Murphy's Windmill Camp. Richard Beland, February 3,

1951, two stocks—one from Meadow Valley Wash in southeastern Ne-

vada, and the other from the Virgin River system (probably from Santa

Clara River) ;
bait box on Lake Mead, Al Jonez, February. 1951, said to

be from the
' '

St. George, Utah, area ' '

(probably from Santa Clara River .

The kind attributed to Green River (handled by the Pittman dealers)

is known to occur in San Rafael and Fremont rivers, tributaries to the

Colorado River below its junction with the Green River. Specimens are

in the University of Michigan collections from near Emery and near

Huntington, Emery County, Utah. It is significant that these localities

are on the shortest route from Green River to Lake Mead and the lower

Colorado and I conclude that during their drive from Green River, the

bait collector (or collectors) evidently stopped to pick up these dace en

route.

Since this species was unknown in the original lower Colorado River,

evidently because it is not fitted to live in such an environment, and since

the new river and its reservoirs are probably an even poorer habitat for

8 R. nubilus has line priority over R. osculus, the name usually applied to this species,
and is now to be used according to the revised International Rules of Zoological
Xomenclature (Bulletin of Zoological Nomenclature, 1950, p. 32S).
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it, I do not believe that any possible harm can conic to the fishery from
the use of the speckled dace for bait. Its suitability for bail may be ques-
tioned since it seldom attains a large enough size. However, the species
is an important bait fish in certain parts of Wyoming I Simon 1946 p
75-76, 78).

Bonneville Redside Shiner, Richardsonius balieatus hydrophlox (Cope). Figure 25.

This brightly colored fish is a characteristic Lnhabitanl of the creeks
and rivers of the Bonneville basin, the upper Snake River (above the

falls), and certain upper tributaries of the Columbia River and lower
Snake River. It also has been taken in lakes, as in Utah Lake. Utah, Hear
Lake, Idaho and Utah. Two Ocean Lake, Wyoming, and in Lake Mal-
heur, Oregon.
The Bonneville redside shiner has been sampled from bail tanks along

the river as follows : Shorty's Bail Shop, Miller and party, April 7. L950;
Pittman (dealer in Shell Oil Station), Miller and Winn. June 16, L950;
Kinder's Camp, P. A. Douglas, June 21. 1950 (identified by Hubbs) ;

and Shorty's Bait Shop, R. D. Beland, December, 1950. This" shiner has
9 to 13, typically 10 to 12, anal rays, which readily distinguishes it from
the Columbia redside shiner, Richardsonius balteatus balteatus (Rich-
ardson), which has 13 to 22, usually 14 to IS, anal rays (Miller and
Miller, 1948, p. 183).

This species is usually abundant in its natural range and has already
become established in the Colorado River system in Wyoming, through
introduction as a bait fish (Simon, 1946, p. 81). Its spread in the Green
River drainage is indicated by the capture of a specimen by W. F. Sigler
and party from Sheep Creek, Daggett County, Utah, on Augusl 6, 1950.

It is carnivorous and has been observed to prey upon newly released

grayling fry, but most of its food consists of small aquatic insect larvae

and crustaceans (Simon, 1946, p. 82). It attains a length of 5
j
inches

in Wyoming and is used as a bait fish there. Since its establishment in the

lower Colorado might be detrimental, I recommend that this specie-, not

be used for bait.

Utah Chub, Gila atraria (Girard). Figure 30.

This fish is widely distributed in springs, streams and lakes of the

Bonneville system and the upper Snake River in Utah, Idaho. Wyoming
and extreme eastern Nevada. It is a prolific and hardy minnow, abound-

ing in most of the waters where it occurs and often crowding out its fish

associates.

Utah chubs have been noted in bait tanks at the following places:

Kinder's Camp and Shorty's Bait Shop, Miller and party, April 7. 1950;
at both the dealers in Pittman. Nevada. Miller and Winn, June 16, 1950

;

Kinder's Camp, P. A. Douglas. June 21. 1950 (identified by Bubbs) ;

Shorty's Bait Shop, R. D. Beland. December. 1950 (determined by

Hubbs) ; Murphy's Windmill Cam]), R. D. Beland, February 3, 1951.

When introduced into other waters, particularly lakes or reservoirs,

this species may multiply quickly so as overpopulate such waters. For

example, in Strawberry Reservoir east of Provo, Utah, the Utah chub

became so abundant that a special trash fishery was set up to handle the

menace (see The Progressive Fish-Culturist, Vol. 11. No. 1, 1949, p.

85-86). In Fish Lake, Utah, the introduction of this species for bait led
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to a marked decrease in the important trout fishery (Hazzard, 1936, p.

127-128; Davis, 1940, p. 6). The species reaches a Length of 16 inches

and a weighl of more than two pounds ( Simon. 1!*4(i. p. 78) and ran prey
on tlie young of game tishes. For these reasons, the use of the 1 'tali chub
for bait should be strictly prohibited. Unfortunately, this undesirable

fish may already have gained a foothold in the river. Mr. Richard D.

Beland, in a letter to the author
| April 2!». 1951

I,
wrote that Bob Bolam

(Needles Boat Landing) reported that in early April. 1951, he observed

an angler catch a nine-inch
"
Utah minnow" near his pier.

Rt'o Grande Chub, Gila nigrescens (Girard).' Figure 31.

The distribution of this chub is generally attributed to include the

Rio Grande drainage in Colorado, New Mexico and Texas, from which
it ranges southward an unknown distance into Mexico. This species typi-

cally lives in small, cool streams, with moderate to swift current, and is

a mid water swimmer, frequenting the pools.

There is only one record of this species from bait tanks along the Colo-

rado River. It was taken by Willis Evans on -Inly 5, 1950, from the Intake

Store (identification by C. L. Hubbs).
Little is known about this chub and, for that reason, it would probably

be wise to discourage its use for bait until more information on its life

history is available.

Leatherside Chub, Snyderichthys aliciae (Jouy). Figure 32.

This species, known for many years as Gila copei (Jordan and Gil-

bert),
10

is another inhabitant of the Bonneville basin and the upper
Snake River. Its distribution has been discussed by Hubbs and Miller

(194s. p. 31. 77). This minnow typically inhabits small, clear streams,
where the adults live either in pools or on swift riffles.

The leatherside chub has been taken as follows: Kinder's Camp and

Shorty's Bait Shop, Miller and party, April 7, 1950; Pittman (Shell Oil

Station), Miller and Winn, June 16, 1950; the Lake Mead Boat Dock.

R. K. Grater, about August 1, 1950; Shorty's Bait Shop, R. D. Beland,
December. 1950; and Havasu Springs Resort, R. D. Beland, April 10,

1951. Most of these specimens probably came from Marysvale, Utah.

This is one of the three species of minnows which, through introduc-

tion as bait, has become established in Strawberry Reservoir, Utah. How-
ever, its effect upon the lower Colorado River fishery would probably
not be harmful.

Golden Shiner, Notemigonus crysolsucas (Mirchill). Figure 23.

The golden shiner is an inhabitant of weedy lakes and the quieter sec-

tions of rivers where it is commonly found amongst dense vegetation.
The species i.s one of those preferred for propagation as a bait or forage
fish in the east, and ranges widely over eastern North America from
southeastern Canada southwestward as far as the mouth of the Rio

Grande (one record in 1878). Two subspecies have been identified among
9 As with the Rio Grande mountain-sucker, this species may be confined to the basin of
Lake Guzman.

10 The specific trivial name copei cannot be used because at one time Gila copei and
l.i wciscus copii ( a Xotropis) were both placed in Leucisctis, thereby creating a second-
ary homonym. This fact was recognizi-d by Gilbert and Evermann (1894, p. 195) who
used the combination Leuciscus aliciae. .Miller (1945, p. 28) proposed the generic
name Snyderichthys.
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the bait samples secured along the Colorado River: N. c. seco (Girard),
the Southwestern golden shiner, and N. c. auratus (Rafinesque), the

Western golden shiner. These subspecies ;ir<' verj similar and their dis-

tinctive characters have not been fully worked out. They are usually

distinguished on the basis of the number of anal rays: 10 to 1 I. usually
11 to 13, in auratus, and 11 to 16, usually 12 to 14, in seco.

This minnow was obtained by Willis Evans from the Intake Store, on

July 5, 1950, along with four other species of fishes thai occur in the

southwest. This stock probably came from the vicinity of hake Buchanan,
a reservoir on the Colorado River in Llano and Burnett counties. Texas,
and hence is referred to N. c. seco. Kirby II. Walker learned that hail

minnows from this source were supplied to the Arizona Pish farms.

Inc., which operates opposite Blythe in Arizona.

Although the golden shiner was established in certain lakes of the

Coconino National Forest, Arizona, by or before 1934 (Madsen, 1935,

p. 9), and had subsequently contributed to the deterioration of the troul

fishery resource in that region,
1 '

it is not likely to become established

in the Colorado River or its reservoirs because of the absence of large

weed beds. The golden shiner is well adapted to pond culture, attains a

good size (up to 10 inches) and grows rapidly. It is an important bass

forage fish in the midwest. This species is believed to be well suited as a

bait fish along the lower Colorado River as long as the present sparse-

ness of submerged aquatic vegetation persists. Should this over-all situ-

ation change, and extensive weed beds become common, this species mighl

contribute to a reduction of the fishery as it did in Upper hake Mary,
Arizona (see footnote 11). At the present time attempts are being made

by the California Department of Fish and Game to propagate Western

golden shiners in an isolated pond near Blythe. It is also being raised in

a 10-acre pond (along with Notropis lutrensis) by the Arizona fish

Farms, Inc., who have recently obtained stocks of N. C. auratus from San

Dieguito Reservoir near San Diego (letter of August 1."). 1951, from

W. A. Evans to W. A. Dill).

Sacramento Hitch, Lavinia exilicauda exilicauda Baird and Girard. Figure 24.

This exclusively Californian fish inhabits the Sacramento San Joaquin

drainage system," including streams tributary to San Francisco Bay. A

closely%elated subspecies lives in the Pajaro and Salinas Rivers and

their tributaries in west-central California. The hitch prefers the lower.

sandv to muddy, slow-moving stretches of rivers or the quid pools of

creeks, generally in fairly warm water. According to Murphy I 1948, p.

101) it appears to require gravel-bottomed streams for successful spawn-

ing. It feeds, in large part at least, on hue microscopic organisms ( plank-

ton), as shown by the rather numerous gill rakers, the Ion- intestine and

the grinding type of pharyngeal teeth. The hitch closely approaches the

golden shiner in general appearance but lacks the distinctive fleshy keel

on the abdomen which distinguishes the golden shiner.

The hitch has appeared in bait tanks as follows: Site Six. Lake
Hayasu,

P. A. Douglas, March 2, 1950; Kinder's Cam]). Miller and party, April

7, 1950 ;
and at the same place, I'. A. Douglas, June 21, 1950.

n Unpublished report, 1949, by H. Milton Borges, in the filesoffte Arizona Game and

Fish Commission ; sent to me through the courtesj oi A. \\ . \ nrter.

2—51086
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This minnow unquestionably was imported Prom the Central \ alley oi

California. Mill Hol1 wrote me March 18, 1951 I that he collected bait

"north of Modesto" late in 1949 and early in 1950. Vic Spratt, operator
of the Site Sis camp, told 1*. A. Douglas thai his hitch were being trucked

and flown to site six from Fresno l».\
< '. L. Ballard, Jr., and Mr. Kinkillea.

In order to limit the species oi bail fishes, and because the biological effect

of this species is problematical, its further use for bait is not recom-

mended.

Plains Red Shiner, Notropis luirensis lufrensis (Baird and Girard). Figure 26.

This fish ranges widely over the central United States, from Illinois

and Smith Dakota southward and west ward to the basin of the Rio Grande
in Texas and New Mexico: its distribution in northern Mexico is imper-

fectly known. It is an inhabitant of both creeks and rivers, tolerating the

muddy waters of the < rreal Plains.

This shiner has been Taken only at the Intake Store north of Blythe.

five specimens were obtained there by Willis Evans on .Inly 5, l!i"><). ami

three more were secured mi September (i. 1950, by Donald E. Wohlschlag.
The stock came from The vicinity of Lake Buchanan, Texas, according to

information kindly obtained by Kirby 11. Walker. The shiners were

transported to the Arizona Fish Farms. Inc.

IT is doubtful if This species will becon stablished in the Colorado

River as The present habitat there seems wholly unsuited To it. The use of

this shiner for bait is Therefore not considered To lie harmful
; however,

its suitability as a bait fish may be questioned since it is regarded to he

too small for a desirable bass bait. Kirby II. Walker inform- me
| letter of

April '27. 1951 ThaT The Arizona Fish Farms. Inc.. has a 10-acre pond
devoted to the propagation of this species i as well as golden shiners .

Southwestern Fathead Minnow, Pimephales prome/as conferfus (Girard). Figure 27.

The >pecies /' nn ( ph at i $ promelas ranees widely over eastern North

America, from southern Canada and New York westward and southward

between The Appalachians and The Rockies to northern Mexico. The south-

wesTern type is a typical inhabitant of silty lakes and streams.

The only record at hand of This fish from bait Tanks is of specimens
offered for sale at Williams' Bait Shop i Evans and Done las. 1950, p. 435 .

These fish were imported from Truth or Consequences (Hot Springs .

New Mexico, where they are being reared in fait tanks adjacent to the

Rio ( i ramie below Elephant Butte Dam.
The fathead minnow eats chiefly microscopic plant foods but will also

lake insects ami smaller animal life. It is a prolific and hardy fish and

is ideal for propagation in ponds. In the midwest it is a popular bait for

panfish and its use as a bait fish on The ( !olorado River is To be encouraged.

Longfin Dace, Agosla cfirysogasfer Girard. Figure 28.

This little silvery minnow is the commonest native fish in The Gila

River drainage of southern Arizona and southwestern New Mexico, at low

to medium elevations generally below 4,500 feet . It persists in desiccat-

ing streams to the hist water hole and is usually abundanl wherever

found. To the north of the Gila drainage it occurs only in the Bill Wil-

liams River of western Arizona > Miller. 1946, p. 206

The longfin dace was firsl observed along the ( lolorado River on April

2. 1948, when Leo Rossier obtained specimens from Shorty's Bait Shop
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(Evans and Douglas, 1950, p. 435). On June 13, 1949, April 7. L950,
and December, 1950, this fish was again noted a1 the same place.

Reports indicate that this species is being broughl in Prom the Bill

Williams River drainage and Prom Hassayampa River, jusl below Wick-

enburg, Arizona. It is abundant in both areas. The reporl of this fish from
a tributary of Virgin River (Evans and Douglas, 1950, p. L35) prob-

ably stems from the fact that distributors receive some of their bail Prom
that drainage and arc not able to distinguish between the differenl kinds

of fishes brought to them.

The longfin dace is primarily herbivorous in its Peeding habits ami is

a small-creek fish. Since it has never become established in the Colorado

River there is no reason to believe that occasional individuals escaping
from fishermen's hooks will build np a population in the river. Conse

quently it is regarded as a harmless bail fish. It mighl prove to be an

adaptable species for propagation in shallow runways with a coarse sand

bottom and slight current. It is known to spawn on such a bottom i per-

sonal observations).

Virgin River Spine-dace, Lepidonrsda species. Figure 21.

This species lives in the Virgin River and its tributaries in Nevada,
Arizona and I'tah. It is an inhabitant of the rather swift port ions of pools,

in rapidly flowing creeks.

The Virgin River spine-dace was noted as a bait fish by Carl L. Hubbs
when he interviewed Clarence Alexander, bait dealer in Las Vegas, on

August 31, 1938. Two specimens were secured by <>. L. Wallis from tic

bake Mead Boat Dock on December 31, 1948, and three more were picked

np from a bait box on Lake Mead by Al Jonez, of the Nevada Fish and

Game Commission, in February, 1951.

The specimens for sale by Mr. Alexander, for use on bake Mead, were

seined by him in the Virgin River west of Bunkerville, Nevada. Those

picked up by Mr. Jonez were reported to have come Prom the Si. ( reorge,

I'tah, area, likely from Santa Clara River where this species abounds and

Prom which Milt Holt seines his bait and delivers it to the Lake .Mead area.

Little information is available on the biology of this fish, but since it

is unknown from the main Colorado it is not likely to become established

in the present river or its lakes. Consequently its use as a bait fish is

probably harmless.

White River Spine-dace, Lepidomeda species. Figure 22.

This minnow inhabits the upper White River in White Line and Nye

counties, Nevada, where it lives chiefly in cool springs and their outflows.

On February 3, 1951, Richard Beland obtained four adults Prom

Murphy's Windmill Camp, California. This constitutes the only record

to date (May, 1951) of the use of this species as a bait fish along the

Colorado River. The specimens must have come Prom the upper White

Liver.

There is little likelihood that the White River spine-dace will become

established in the Colorado Liver. However, because of its very restricted

range, and hence its interest to science, the use of this species for bait

should be discouraged.
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Woundfln, Plagopierus orgenfiss/mus Cope. Figure 20.

This streamlined minnow, which shines like burnished sliver when first

taken from the water, is now known to inhabit only the Virgin River and
its tributaries in Arizona. Nevada, and Utah. It formerly was found in

the Gila River basin, from which ii has been recorded only three times,
the last in 1894.

On June 1(>. L950, .Miller and Winn obtained one specimen from the

boat dock on Lake Mead. I otherwise it has not turned up in the bait tanks

along the river.

This is an interesting and gradually vanishing species which should be

protected from further reduction.

KILLIFISH FAMILY (CYPRINODONTIDAE)

This is a large family of small fishes that are widely distributed in fresh,

brackish, mineralized and salt waters of the New World.

Southwestern Plains Killifish, Fundulus zebrinus Jordan and Gilbert. Figure 9.

This killifish inhabits the Rio Grande (including the Pecos River), in

New Mexico and Texas, and probably other rivers in Texas and northern

Mexico. It is a fish of rather small, shallow, open streams.

This species was first observed for use as bait on March 23, 1950, at

Williams' Bait Shop in Yuma (Evans and Douglas, 1950, p. 435). On
•July 5, 1950, W. A. Evans secured a specimen (identified by Hubbs) at

the Intake Store.

It is doubtful if the Southwestern Plains killifish will establish itself

in the Lower ( lolorado River or its reservoirs. Consequently, the use of this

species for bait is probably harmless.

Southern California Killifish, Fundulus parvipinnis parvipinnis Girard. Figure 8.

This killifish inhabits salt, brackish and fresh waters from Morro Bay.
California, to northwestern Baja California. It is commonly found over

the mud bottoms of estuaries but also ascends the (dear, sandy stretches

of streams in the southern part of its range.
The only information that I have concerning the possible use of this

fish for bait is contained in a letter, dated April 29. 1951, from Richard
D. Belaud. On February 14. 1!>51. he found that Bob Williams ( Williams'

Bait Shop, Yuma) was holding a number of these fish in his tanks on an

experimental basis to determine if they could be handled and used for

bait. One specimen was preserved to check the identification and proved
to be this fish. Subsequently Belaud was informed that attempts to utilize

this species for bait had been abandoned.
Mr. Williams reported that his specimens were caught in traps and

shipped in from San Diego Bay. California.

The Southern California killifish is not likely to become established in

the river, but further attempts to use it as a bait fish are not encouraged
because there are other, more suitable species available.

TOPMINNOW FAMILY (POECIUIDAE)

The members of this exclusively American family are all small fishes,

largely tropical in distribution, and notable because they bring forth

their young alive.
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Western Mosquitofish, Gambusia affinis aFTmis (Baird and Girard). Figure 7.

This fish, called mosquitofish because of its fame as a destroyer of

mosquito larvae, is native to the central United States from southern
Illinois toAlahama and the mouth of the Rio Grande. It is an inhabitant of

quiet, shallow waters where it feeds at or near the surface. It lias been

widely introduced throughout the world for malaria control.

The inclusion of this fish in the list rests upon the statement by Dill

(1944. p. 163) that it has been used as live bat. I did ml observe any
being so utilized on our recent survey and the species has not been re-

ported from bait tanks in recent months.
The western mosquitofish was planted in California in 1922 (Dill,

1944, p. 162) and eventually reached the Colorado River through it-

spread for mosquito control.

fSince the species is well established in the river, is a good forage fish.

and seems to be having no deleterious effect upon the fishery, its use ; ,s

bait is harmless.

SUNFISH FAMILY {CENTRARCHIDAE)

The sunfishes, which include the familiar largemouth black bass and
smallmouth black bass, are a truly North American group. All but one

species, the Sacramento perch (Archoplites interruptus) of California,

are native only to the region east of the Rocky Mountains, but many have

become widely established in the West through introduction.

Bluegill, Lepomis macrochirus Rafmesque. Figure 6.

This well-known fish has been established in the Colorado River for

many years (at least since 1938) and is a favorite of the warm-water

angler. Three subspecies of bluegill have been recognized in eastern ('in led

States; the predominant one in the Colorado River is the northern form,

L. m. macrochirus Rafmesque. The southwestern bluegill, /.' pomis macro-

chirus speciosus (Baird and Girard), collected in Arizona in 1943 (Salt

River at Tempe; specimens at University of Michigan I,
is also now evi-

dently established in the Colorado River through inl rodud ion ami hence

available for bait {fide C. L. Hubbs in letter of May 10. 1951, to R. I).

Belaud, and letter from Belaud of August 2:]. 1951, to W. A. Dill i. This

subspecies has been distinguished from the northern form by the fewer

anal soft rays, !) to 11 (usually 10) in speciosus rather than 10 to 12

(usually 11 ) in macrochirus.

Moffett (1943, p. 185) noted that the bluegill was being used for bail on

Lake Mead about 1941. and Dill (1944, p. 171 I
remarked that this sunfish

has value as a bait species and that it is sometimes caught for use as such

by bass fishermen. In March, D>49. (). L. Wallis noted that bluegills were

being used for bait by bass fishermen at Temple Dai' Wash. Lake Mead.

It is well established that young bluegills are an excellent forage fish

for bass.

Since the bluegill is already a pari of the fauna, its continued use as

bait cannot be regarded as harmful provided that supplies are not ob-

tained by wholesale seining practices.

Green Sunfish, Lepomis cyanellus Rafmesque. Figure 5.

This species is less familial' to fishermen as its introduction in the West

lias not met with the success accorded the bluegill. It has probably been
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established in the river as long as, or perhaps longer than, the bluegill.
Dill (1944, p. 172) roughly estimated thai this species was outnumbered
by the bluegill about 10 to 1.

On June 15, 1950, I identified, a few individuals of the green sunfish in

Bob Bolam's bail tank at Needles Boa1 Landing. Dill ( 1f)44, p. 17::
I wrote

that the species lias value as a bail fish. Its use as such seems to be very
limited, however.

Since green sunfish are now a part of the river fauna and since they do
not appeal- to be of major importance in the fishery, their use as bail is

not regarded as detrimental.

PERCH FAMILY (PERCIDAE)

This group of fishes includes the perches, pike-perches, and darters

which, in North America, are native only to the waters east of the Con-
tinental Divide.

Yellow Perch, Perco flavescens (Mitchill). Figure 4.

This familiar fish is distributed from west-central and eastern Canada
south to Nebraska and the northern parts of the central states, and along
the Atlantic seaboard from New Brunswick to South Carolina. It has
been established elsewhere by introduction, but attempts to acclimate
it south of its range have been Largely unsuccessful.

This species lives under varied conditions, but usually in lakes, ponds,
and quiet parts of streams, preferring cool to cold waters.

The only record known to me of its occurrence in bait tanks is of a single

yearling picked np by R. D. Belaud, on March :>>], 1951, at Shorty's Bait

Shop. According to testimony obtained by Mr. Beland (letter to author

April 12, 1951 ), this specimen came from the holding ponds of A. (i. Ses-

sions at Marysvale, I 'tab.

The use of this species for bait is not recommended because yellow perch
could become established in the river and experience elsewhere suggests
that an overpopulation of stunted fish might result. If this were to happen
the trout fishery in particular would suffer. Not only would the young
compete with the young of other, more desirable species, but the adults,

which eat fish, would compete with oilier adult fish and would prey on

their young (Curtis, 1949, p. 269).

SCULPIN FAMILY (COTTIDAE)

The sculpins are fresh-wafer representatives of a predominantly
marine family and are widespread in the northern hemisphere. They
have broad, flattened heads and large pectoral fins and either lack scales

or have few to many prickles, usually only behind the bases of the pectoral
fins. They are bottom dwellers and eat algae, aquatic insects, fish eggs
and fishes.

Bonneville Mottled Sculpin, Coffus bairdi semiscaber (Cope). Figure 2.

This species is distributed throughout the Bonneville basin and the

upper Snake River. If is typically found in clear, cool, rapid streams over
a bottom that varies from mud to loose rocks; it may also occur around
lake margins.
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On April 6, 1949, 0. L. Wallis obtained one aclull of this sculpin from
the bait tank at Las Vegas Wash

;

it was also observed a1 the same time
at the Lake Mead Boat Dock. Mr. Wallis was informed thai the live bail
with which this fish was associated came Prom Santa Clara River in

St. George, Utah. No native sculpin has been reported, however, from
farther down the Colorado River system than the headwaters of Fremonl
River, in south-central Utah. The most plausible somvc for this specimen
is the Sevier River, where the Bonneville mottled sculpin is ,• 00n and
where bait fishes are known to be obtained.

Philip A. Douglas wrote (April 28, 1951 i thai on March 17. 1950, he
saw what he is certain was ;i sculpin in Lake Mavasu. The individual,
appearing to lie about six inches Ion-, was lying on the rubble bottom in

18 inches of water approximately six Feet off the firsl point south of the
Needles Boat Landing. In its appearance and movements it closely re

sembled Coitus bairdi. No other such reports have come to my attention.

Sculpins are sometimes used as bait by anglers in various parts of the

United States. Their use fortius purpose along the Colorado River may
be questioned because of the accusations that sculpins are predatory on
trout eggs and young. However, a recent study (Zarbock, 1951) indi-

cates little or no predation by this sculpin on trout eggs in the Logan
River, Utah.

GOBY FAMILY (GO8//0AE)

This is another "roup of typically marine species of small size that is

almost worldwide in distribution. A few gobies occur in fresh water in

the Tinted States.

Longjaw AAudsucker, Gillichthys mirabilis Ccoper. See Figure 3.

This species, which is the chief bait used by both salt-water ami fresh-

water fishermen in Southern California, attains a length of a1 least eighl
inches and is common in the hays and estuaries of Southern California

and northwestern Baja ( 'alifornia ( Weisel, 1047. p. 77 ) . It occurs north-

ward in California to Mendocino County I Puget Sound records thus far

checked by Isaac ( rinsburg are not this species i and is represented at the

head of the Gulf of California by G. detrusus, a very closely related

species.

Mudsuckers were seen by our party at various places along the river

in 1950, but tew samples were preserved. Those observed a1 Kinder's

('amp on April 7, 1950, were reported to come from Seal Beach, Call

fornia, well within the range of this species. Bob Bolam (Needles Boal

Landing I told me on June 15. 1950, that he used mudsuckers for bait up
until three months prior to our visit. These came from San Diego and San

Quintin, Baja California. On .lunv Hi. 1950, mudsuckers were sampled
from the Lake Mead Boat Dock and were reported to have been "flown

in from Mexico" (possibly from San Quintin, northwestern Baja ('ali-

fornia). These proved to he (!. mirabilis. Mudsuckers were also seen at the

Shell Oil Station in Liftman, Nevada, on June 16, 1950, hut were no1

sampled. The dealer told me that these came from Long Beach
;
if so, they

were this species. The Pittman dealer was ih.en selling Kid per week to

Bud Sunderland, a dealer just below Davis Dam.
Mr. Sidney Peritz of San Diego, who traps Gillichthys for the live-bail

industry, told Carl L. Ilubbs on .May 31, 1950, thai he had about 30
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Mexicans trapping mudsuckers in San Quintin Bay, northwestern Baja
California, and that the fish are flown to Del Mar. California. They are

kept in large wire containers in the slough near the Del Mar airport, from

which orders are flown out to the Colorado River and elsewhere. Mr.

Peritz reported thai the dealers gradually diminish the salt content of

the water in which the niiidsiickers are kept until it is entirely fresh, in

which medium Gillichthys will Live for several weeks.

Gillichthys detrusus Gilbert and Scofield, described from near the

mouth of the Colorado River, has been reported (Evans and Douglas,
1950 i as a bait fish along the Colorado River and from Salton Sea. Cali-

fornia. However. Dr. Carl L. Hubbs, who ^identified these samples, wrote

to W. A. Evans (August 8, 19ol) that he has reidentified most of the

specimens as (1. mirabilis (using the key character worked out by Isaac

Ginsburg; set' p. 10). The specimens picked up at the pelican rookery in

Salton Sea are G. detrusus, but it has been concluded that the pelicans fed

at the head of the Gulf of California or in the tidal part of the Colorado
River and thus flew in the dead specimens reported by Evans and Douglas
(1951, p. Urn' i . Consequently there is no basis at this time for the inclusion

of detrusus in the Californian fauna. Figure 3 was drawn when the

records of the Gulf mudsucker were unquestioned, but it will serve equally
well as an illustration of the longjaw mudsucker.

Attempts to propagate this fish for bait are being made and should be

thoroughly explored and encouraged. If a successful method can be

devised, the mudsucker may become one of the most valuable bait fishes

along the Colorado River and elsewhere. Without propagation, the drain
on the natural populations of this fish will presumably lead to a take

insufficient for commercial operations and hence result in the abandon-
ment of the industry as a major undertaking. This species is now estab-

lished in Salton Sea
( letter of C. L. Hubbs to W. A. Evans, June 21. 1951)

and may multiply sufficiently there to serve as an important source for

replenishing bait stocks.

Since this species is able to live for some time in fresh water but cannot

propagate there, it is particularly well suited for use as bait.

RECOMMENDATIONS

During the past 15 years. 31 species of fishes are known to have been
utilized for bait along the Colorado River, from the vicinity of Lake Mead
to Yuma. More than half of these are minnows and suckers which consti-

tute the most popular group of fishes for bait. ( )nly four of the 31 are rec-

ommended without reservation as desirable bait fishes under the present
environmental conditions of this section of the river. These are : the Utah
mountain-sucker, the golden shiner, the fathead minnow, and the longjaw
mudsucker. Most of the remainder are regarded as having a neutral effect

on the fishery or are believed to be potentially undesirable. However,
there are three species, the Mexican banded tetra, Utah chub, and yellow
perch, which should be strictly prohibited because their establishment
in the drainage would be likely to cause irreparable harm to the fishery.
The introduction of species from foreign waters presents the possible

establishment of parasites and diseases that could be harmful to the native
or acclimated fishes. Viewed in this Light, any introduction is potentially
harmful. The variety of habitats along the lower Colorado River, such as



BAIT FISHES OF THE LOWER COLORADO RIVER H

the reservoirs, the cold-water tail races below dams, the oxbow lakes and
the irrigation canals, makes it possible for some species to become locally
established without affecting the fishery as a whole. Tims ii is qo1 easy
to predict whether a given kind will or will not beome acclimated to some
part of the drainage system.

It is not in their own interest for bait dealers to carry on or encourage
practices that may lead to the introduction of deleterious species or which
will deplete sources of supply beyond the recovery point. The fishery that

is now established and steadily increasing along the river must he sub-

jected to sound, long-time management practices it' a major economic
asset is not to vanish as rapidly as it arose. The interested states should

agree on a selected number of species which appeal- to he wholly safe for

use as bait fishes, and then encourage the propagation and distribution
of these kinds. The local rearing of a few bait fishes should supply the

needs of anglers and would then make it unprofitable to ship in mixed
fish, some of potential harm.
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MECHANICAL AIDS FOR BIRD BANDING'
By A. W. MILLER and RUSSELL HENRY

Bureau of Game Conservation, California Department of Fish and Game

Many thousands of birds, especially waterfowl and pen-reared game
birds, are banded each year with conventional aluminum bands. These
bands, individually numbered, come from the Factory threaded on string
or wire. This type hand must first he opened enough to slip over the
tarsus of the bird, then closed again. The task of keeping the hands in

order as they are used is not a small one where large numbers id' birds
are banded. Uniform spreading of hands is usually accomplished only
with difficulty. A few devices for keeping the hands in order have been
described in banding manuals ("Manual for Bird Banders" by Fred-
erick C. Lincoln and S. Prentiss Baldwin, I'. S. Dept. Agriculture, .Misc.

Pub. No. 58, Nov., 1!»2!), and subsequent issues), but little has been pub-
lished on how to spread bands conveniently and uniformly. The usual

method has been to open the bands with long-nosed pliers as they arc

taken from the string. Anyone who has used this procedure, especially
on thousands of the larger-sized hands, lias probably realized the need

for a more efficient method. The devices described in this paper were

developed to meet this need, aih\ also with the idea of incorporating a

band expander on the band holder or on the banding pliers.

To spread the bands easily required pliers with a reversed pivol action

or some device which would convert the closing action of conventional

pliers into a spreading action that would open the hands. Qtica "horse-

shoe" lock-ring pliers No. 534 had the reversed action and were rela-

tively easy to adapt. However, they were rather large for small-sized

bands, necessitating the construction of smaller pliers by hand. The

expander effect was also obtained by modifying two different types of

handing pliers.

1 Submitted for publication June. 1951. Federal Aid in Wildlife Restoration Act Project
California 30-11. The drawings were prepared by Cliffa E. Corson.
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TYPE A

Simple adaptation of the lock-ring pliers. It involves grinding down the jaws to the

desired diameter of the hands to be used, riveting the jaws together, leaving a drilled

hole at the tip, and sawing one jaw in two at a distance above the shoulder equal to

the width of the hand to be used. The cord or wire on which the hands are threaded is

attached to the pliers through the hole in the tip. The hands and pliers can be sus-

pended at a convenient level. A safer method is to braze the pliers to a small steel

cable of the proper length. The cable should he brazed at the distal end and drilled

with a i-inch drill. The hands can then he strung on the cable and a shower curtain

ring, or some other device, used to lock them mi. To prevent the over expansion of the

hands, an adjustable stop is advisable. This can he made from a one-inch length of

,;,-iiieh steel rod drilled and tapped tor a 5%-inch machine holt as shown in Figure 1.

A
;
inch holt. \\ inches long is then welded to either of the handles. The use of ;i lock

nut is also advisable. The stop can he of the nonadjustable type if only one size hand
is to he used.
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NOSE PIECE

SAW CUT A

ADJUSTABLE STOP

TYPE B

A more elaborate modification of the Type A band spreader. The nose-piece is made
by turning down on a lathe ;i lengl h of |-inch, cold rolled steel rod to a size just smaller
than the inside diameter of the hands to be used. Leave the shoulder as illustrated,
then cut and taper the ends as indicated. The tip is drilled with a J-inch drill, while
the taper on the opposite end is flattened to tit the jaws of the pliers. Saw cut A is

then made, the depth of the cut being determined by the width of the hand to he used.
The jaws of the pliers are welded (o the nose-piece and the action is fr I by making
saw cut It. The cable can lie attached with a fishing lure snap if it is desirable to switch
from one hand series to anot her.
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TYPE C

A band spreader to accommodate quaiJ bands. The pliers must be hand-made. This
can be done by sawing transversely a six-inch length of sled rod, |-inch in diameter.
Two plates arc riveted t<i one handle to form the pivot, while the feed cable is soldered

into the drilled receptable in the tip. The length <•!' the tip on the opposite jaw, which

expands the hand, should he equal to approximately one-hall' the width of the hand
to he used. A longer tip tends to twist the small bands as they are opened. The distal

end of the feed cable is also brazed to the cap.
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TYPE D

Self-supporting band spreaders with n steel rod l<> hold the bands instead of a flexible

cable. The pliers arc modified b.v grinding down the jaws to the desired diameter for the

bands to !>•' used, leaving abrupt shoulders for band stops. One jaw is nil off a widtli

of a band above the shoulder and the oilier is fitted to the groove eul in the rod thai is

to be brazed to the pliers to accommodate the bands. When the two are brazed together,
the difference in thickness of the I ape red jaw and the rod is filled with solder. The excess

solder is removed and (lie remainder is smoothed and shaped with a file. For a No. <>

waterfowl band, the rod should be about ,',,-inch in diameter, and approximately M)

inches long. Cold-rolled steed should be used. A |-inch bolt 7 inches long with a right-

angle bend is welded to the plier handle near the pivot. The band spreader can then be

attached to some support. A convenient support can be made by welding a $
inch iron

pipe nipple to a lighl weight steel post 4 feet long. The posl can be pushed into the

earth to the desired depth and the boll on the band spreader slipped into place. \

multiple mouid can be made by welding to the post a cross-piece to which have been

brazed three or four |-inch pipe nipples.
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TYPE E

Modification of Type I» band spreader. This type is quite similar to the one just
described except that the pliers are attached at lijiht angles to the rod which holds the

bands. The spreading ait inn obtained by this arrangement works well with the larger
sized hands, as the tip which opens the bands remains parallel to the feed rod as the

jaws are opened. The feed rod may be of cold-rolled steel, or of steel pipe for lighter
weight. The pliers are brazed on after one end of the rod has been cut and ground to

fir as indicated in Figure .">. An expander tip formed to tit over the jaw. which will fill

the recess cut in the feed rod, is brazed to the free jaw. A |-inch holt ."> inches long is

welded to the stationary jaw. With this holt the spreader can he attached to the same
standard described lor T.\ pe 1 ».
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Fig. 6

TYPE F

Band spreader for small game bird bands. This tool was developed for opening and

closing the small bands such as the Fish and Wildlife Service No. 4 band, and for

quail bands. P. and C. t12(i(l telephone pliers were modified to make these banding
pliers. I >iagram A shows the original pliers ; li shows the jaws cut down and ground oul

properly. The hole bored in the jaws to facilitate closing the hands should be drilled

with a bit of the same size as the outside diameter of the hands to be used. The j.-iws

should he held apart approximately i
:;L
.-inch with a shim while being drilled. This

imparts a slightly oval shape when the jaws are closed completely, and enables the

bands to be closed securely. In diagram (' the band expander is illustrated. The door-

knob shape is necessary to permit the easy removal of the opened hand. It is inserted

into a hole drilled in the jaw and riveted into place. The remaining diagrams in Figure
6 illustrate the operation of the pliers in opening bands: I >. hand in position for open-
ing ; E, hand opened ,-is the pliers are closed; F. hand turned up so it will drop off the

expander.
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Fig. 7

TYPE G
Pair of banding pliers modified tu spread bands as well ns close them. '"A" shows the

jaws of the slip-joinl pliers before alteration ; I!, the i"|> view of the finished produd :

and (' and I ». the position (if the jaws at different stages of the spreading operation.
The peg iiiisitiiins will vary with different makes of pliers and should lie located so the

hand will not he opened too much when the pliers are completely closed. Grinding the

pliers near the short pes is sometimes necessary in order to gel the pens to come close

enough together to receive the closed hand. The closing action of the pliers gives best

results when the aperture in the jaws is ho red out slightly oval.
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DISCUSSION

Upland game birds and waterfowl can be banded much more effieienl ly

when tools arc used which will nol only hob I the bands in order, bul will

also spread them. Types A, B and ( ', which have flexible feeder cables, can

be rolled up and carried very easily. They are best adapted for use where

only a few bands are used at one time. Types I) and E with the rigid

feeder rod and supporting staff are best adapted for large scale banding

operations when a considerable number of birds is banded at one site.

Banding pliers which are capable of being used to open bands as well as

close them have a decided advantage. Band spreader types P and < ! have

this quality and expand the band with the closing action of the pliers.

These banding tools have been used in the field and found to be of

merit. Their cost varies, but in general, they are relatively inexpensive.

In 1950, the "horseshoe" type lock-ring pliers retailed a1 approximately

$2.20 per pair, the telephone pliers a1 about $1.50 per pair, and the slip-

joint pliers at about $1. The cost of the types I) and E hand spreaders

when constructed singly at a machine shop was less t han $6 per pair. With

the possible exception of the handmade quail band spreaders, the cost of

the other types ran considerably less.





STOPPING THEM: THE DEVELOPMENT OF
FISH SCREENS IN CALIFORNIA

1

By EARL LEITRITZ

Bureau of Fish Conservation, California Department of Fish and Game
Drawings by CLIFFA E. CORSON

The line curls out across the fast water, the Leader turns oxer, and the
well placed fly swings around with the current. Then a jarring strike!
Your line tightens, the rod bends, the reel sings, and now i1 is up to you
to stop that silvery streak. The trout leaps in a shower of spray. Again
and again he runs. Then as lie tires you lead him up dose to your side
Once again he tries to break away but now his efforts are feeble. One last

swirl and you lead him into your net. You have stopped him ! Stopped
him for the last time! As a fingerling, though, this fighting rainbow max
have been stopped before—but in a somewhat different manner perhaps
by a screen in a hatchery trough, at a powerhouse intake, or irrigation
diversion.

Screening to prevent small fish from being lost had its beginning many
years ago. In 1865 Mr. Seth Green used a mechanical device at Caledonia

Creek, New York, to prevent fish from running from his pond up into the

millpond above. This was merely a water-wheel with paddles coming so

close to the frame in which it revolved that it kept the fish from ascend-

ing. This was really a primitive "screen.
"
and since then many decidedly

different types of contrivances labeled as fish screens have been evolved.

Fish screens are highly specialized structures which are not easily
made or maintained by unskilled individuals. The main difficulty has been

to find a satisfactory mechanical device which would keep small fish from

entering the ditches, and at the same time would not interfere with the

required flow of water even when the water was laden with debris. A most

important point in the installation of any screen in a diversion canal is

that a by-pass with sufficient water be provided so that the fish stopped

by the screen can return to the natural channel. It is useless to stop mi-

grating fish at a screen without giving them a chance to proceed on their

downward course. Only a small amount of water is required for a by-pass.

but that small amount is absolutely essential. In addition to these require-

ments, a screen should be designed to demand a minimum of repair and

constant maintenance. All of the requirements as to mechanical design

have not yet been fully met. Many of the early screens were unsatisfactory

and this has at times brought a resistance to the program. The develop-

ment has been discouragingly slow but new materials and designs have

now enabled the construction of screens which far outstrip their pred-

ecessors.

1 Submitted for publication June, 1951.
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Much of the developmental work has taken place in California, where
since early days the Pish and < rame < lommissions have struggled with the

difficult problem of screening diversions to prevent the loss of trout and
salmon. Our most recent invention is the self-cleaning perforated plate

screen, which has several advantages over screens formerly used.

The following drawings and discussions have been prepared to illus-

trate the r< lative merits of most of the fish screens which have been used

in California. They represenl the work of many men and demonstrate the

ingenuity with which man has sough.1 to preserve his fishery resources.

FIGURE 1

INTERNAL SPRAY-CLEANED FISH SCREEN

This screen was designed to remove debris from a hatchery water

supply. Water flows into the open end of the slowly revolving screen,

which is chain-driven by a paddle-wheel and slowly rotates upon a hollow

shaft. A hopper attached through a slot opening into the hollow shafl

catches and diverts debris ami other fine particles through the hollow-

shaft away from the installation. The hell-shaped hopper has a large

opening near the top and extends the full length inside the screen. A

pressure water pipe having a series ^f small jets is mounted directly
above and parallel to the screen. These jets force water through the

screen. In this way the foreign particles are washed from the screen into

the hopper.
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FIGURE 3

REQUA FISH SCREEN

This rotary screen is also an early development. The screen is paddle-
wheel driven through a pawl and ratchet wheel. The screen moves inter-

mittently. The distance the cylinder travels each time the rachet is

engaged is governed by the length of the crank arm on the paddle-wheel.
This screen has been widely used in rearing and brood ponds at California

hatcheries. Under conditions where it receives constant observation and
where repairs and adjustments can be made on the spot, it has proved

quite satisfactory. Its main weakness is excessive wear to the pawl and
ratchet wheel which is partly submerged. It is also difficult to prevent fish

from running up from the lower side and becoming injured by the paddle-
wheel. For efficient operation of any cylinder-type rotary screen, it is

necessary that the water level mi the upstream side of the screen be up
to or above the axle or center line of the screen.
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FIGURE 4

PARALLEL BAR SCREEN WITH CLEANER

This is a self-cleaning parallel bar screen. It is unique in thai the bars

are wedge-shaped, and the spacing between each bar is narrowesl al the

upstream side, with the space increasing and tapering toward the down-
stream side. This affords greater opportunity for particles passing

through the bars to free themselves and prevent clogging. While this

principle may seem to have some merit, it is next to impossible to make
this screen fish-tight. The cleaning mechanism must pass up the fronl

side with its wiper bars and down the back side as an endless chain. It

is therefore necessary to have a flexible seal at the bottom edge which

will permit the cleaning mechanism to operate. The bottom seal is a very
weak part of this screen, since small fish are usually able to escape around
or under it. The lower shaft and gear arrangements which arc completely

submerged and rest near the bottom wear rapidly, due to the abrasive

sediment carried by water. There is no pressure exerted by the wiper
bars other than their weight riding on the screen surface, and usually
the wiper bars rise sufficiently to ride over accumulations on the screen

rather than to carry them over. Several of these screens were installed

in California diversions, but in each instance proved ineffective.
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FIGURE 5. Murray inner drive rotary fish screen

FIGURE 6. Saunders inner drive rotary fish screen
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Basically, the screens shown in Figures 5 and 6 are the same. They
are of the rotary cylinder-type with enclosed paddle-wheel which causes
the screen to rotate against the current while the paddles turn with the

current. About the only difference is in the oneratine mechanism. One
uses a pawl and ratchet with cam and lever arrangement which causes

the cylinder to rotate intermittently, while the other utilizes a direct

gear drive with intermediate gear between the shaft and ring gear, caus-

ing constant rotation of the cylinder. The gear-driven screen is commer-
cially manufactured which is of considerable advantage since many
hatcheries are not equipped to manufacture fish screens. This screen is

well designed and is constructed of durable materials. The shaft and

ring gear are of stainless steel; the intermediate gear and all bearings
are of Micarta, insuring long life when water-lubricated. Screen mate-

rial is of hi-carbon steel, making it very rigid, and is galvanized after

weaving. The screen is mounted in a single metal frame which slides

down into slots in the side of the screen box, which makes it easily adjust-

able to any height. It can be removed by simply Lifting it from the screen

box. This screen has proved very effective at fish hatcheries for installa-

tion between raceways or hatchery ponds. It will operate with a drop
of four inches or less between ponds. It is impossible for this screen to

injure fish because the paddle-wheel is enclosed. It is a simple matter to

seal around the cylinder and make it fish-tight.
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FIGURE 7

ELECTRIC FISH SCREEN

The electric fish screen may actually be termed an electric fence. It

consists of a group of suspended electrodes which swing with the current

and remain fairly free of obstructions, a ground electrode lying on the

stream bottom forward of the swinging electrodes, and an electric impulse
generator located on the bank nearby. The electric generator produces
electric impulses which can be varied in strength and duration and are

effective in charging an area and administering mild shocks to fish which

attempt to pass between the electrodes. While the electric fish screen may
be somewhat effective when installed at the entrance to large canals

where only a small portion of the water is diverted from the main chan-

nel, it is subject to power failures and cannoi be installed in areas where

electricity is not at hand. The stream area actually charged by the shock-

ing waves is relatively small, and any fish with a hurst pf speed or a

desire to run through the charged area can do so without receiving any-
thing other than a mild shock. If the current is too rapid, fish may also

I arried through the electric screen against their will.
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FIGURE 8

MURPHEY PERFORATED PLATE FISH SCREEN

This perforated plate screen with mechanical wiper bar is the latesl

development in fish screens in California. It lias been experimented with
for over three years and offers greal promise. It is designed for and is

being used primarily in irrigation diversions. Basically, this screen '-(in-

sists of a perforated metal plate with circular openings of
;

:

',-incli diam-
eter. The plate, having about 46 percent open area, is placed in the

screen box at an angle of approximately 32 degrees. A wiper bar travels

up and down over the surface of the plate much Like the blades on a

windshield wiper, except that the blades do not swing in an arc. but

rather move up and down the full length of the plate. Tower for oper-

ating the wiper bar is usually obtained from a large diameter paddle-
wheel set behind the plate. Several different types of driving mechanisms
have been developed. A direct drive from the crank arm on the paddle-
wheel is -practical for small irrigation ditches, while a more powerful
drive using a reduction gear is better suited for large diver! ions. If desir-

able, the wiper bar may be operated directly by an electric motor. Al

one installation, a hydraulic drive using a double-action hydraulic cylin-

der driven by a one-quarter horsepower motor is used. This small motor
and hydraulic cylinder operate wiper bars over three perforated plates,

each plate being 5i feet wide and 1l' feet long. A revolutionary feature of

this new screen is the wiper bar, which has a hard sharp edge and is

designed to cut underneath the debris on both the upstroke ami the down-

stroke. It has been found that this bar when pushed down across the face

of the plate carries the debris ahead of it until it reaches the imperfo-
rated margin along the lower vdge of the plate.
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There is no currenl through this unperforated edge, and the flowing
water strikes it. sweeping up and over the cleaner bar, carrying the

debris with it. The material is then swept onto the upper edge of the

cleaner bar. and when the bar is pulled back up against it, the debris

is carried over the top of the plate. By using the perforated plate with
this type of cleaner, it is possible to seal the bottom edge as well as the

sides of the plate so that no fish are able to get under or around the plate.
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ESTIMATION OF FISH POPULATIONS IN A
FLUCTUATING RESERVOIR'

By DONALD E. WOHLSCHLAG
Stanford University, Stanford, California

INTRODUCTION

In recent years a knowledge of 1 he sizes of fish populations has become
more and more essential for a basic understanding of both theoretical

and practical fishery problems and their solutions. Particularly desirable

is comparative information on the stains of fish populations for both

fished and unfished waters.

It is especially significant to note that the catch per California angler
has been declining rapidly for many species of fresh-water fishes in both

cold and warm waters (Calhoun, 1950, Dole In California, the extenl

of the cold-water environment of st reams and hikes canin 1 he expected to

increase very much in the future. On the other hand, the extent of the

warm-water environments has increased rapidly in recent years with the

creation of many reservoirs. Because these reservoirs are potentially

important in supporting fish populations which will aid in the mainte-

nance of a satisfactorily high catch for anglers, their fish populations are

in need of biological study before any drastic changes may take place as a

result of fishing or questionable management pract ices.

At the present time most of the quantitative data on the sizes of fish

populations are for smaller lakes and ponds, whose populations may be

enumerated directly following poisoning or draining operations. For

larger lakes and reservoirs indirect methods of population estimation

must be utilized. Many of these techniques and their underlying assump-
tions are summarized by Ricker (1!)4S). Unfortunately, few estimates are

available for comparisons of populations under different conditions of

environment and fishing pressure in 1 he larger bodies of water, due prin-

cipally to the considerable requirements of energy and facilities necessary
for field operations in obtaining adequate and unbiased samples.

It is the purpose of this study ( 1 ) to set up an efficient field procedure
with the minimum amount of equipment and labor in order to estimate

the fish populations in a fluctuating reservoir. (2) to estimate the popula-
tion sizes of several of the more prominent warm-water species which

have been under the influence of negligible fishing pressure for a decade

or so, and (3) to evaluate the problems of expressing the densities of the

standing fish crops on an acreage basis.

The study was made possible by the kind cooperation of Mr. Krnst

Brandsten, manager of the property on which Searsville Lake is located.

DESCRIPTION OF SEARSVILLE LAKE

Searsville Lake (Figure 1 ) is a small (98-acre) impoundment of a part

of the San Francisquito Creek drainage in San Mateo County, California.

The lake lies on the northeast periphery id' the Santa Cruz Mountains

1 Submitted for publication March, 1951.
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at the approximate upper boundary of the Upper Sonoran Life Zone

Grinnell, 1935).
The initial impoundmenl was made in 189] and was followed by several

alterations of the dam and other parts of the lake in more recent years.
The present dam height is 90 feet. Fluctuations in level have been severe
in past years, the lake having been completely drained following the

1923-24 drought ;
fluctuations during the past decade or so have usually

been within 10 feet below the spillway level. During the 1950 season the
water level fell aboul •>! feet from the spillway level. Silting is very heavy
in the rainy season.

Descriptions of the macrobenthos and limnetic plankton with selected

physical and chemical data have been compiled by Felin (1940) and
Scott (1927).

Prodigious growths of rooted aquatic vegetation choke tin 1 shallower
waters of the entire lake. Near shore the principal plants are bulrushes

(Scirpus sp.), cattails (Typha sp. ), and water smartweed (Polygonum
sp.). From shore to a depth of about 12 feet, water milfoil (Myrio-
phyllum sp. i grows profusely: the emergent portion of this species is

frequently dense enough to support the weight of the larger aquatic birds.

.Ml these species follow the retreating shoreline as the water level recedes

during the summer.
The present fish fauna of the lake consists principally of brown bull-

heads (Ameiurus nebulosus), black erappies (Pomoxis nigromaculatus) ,

bluegills (Lepomis macrochirus) ,
and largemoutb black bass (Microp-

terus salmoides) . Green snnfish (Lepomis cyanellus) and hitch (Lavinia
exilicauda) are much rarer. The small mosquitofish (Gambusia affinis)
occur abundantly in the shallow waters along the lake shore. Following
the drainage in 1924 the lake was stocked only with 500 bass and an

SEARSVILLE LAKE
SAN MATEO COUNTY

CALIFORNIA
DATUM PLANE -HIGH WATER LEVEL 342 24 FEET (104 31 METERS)

ABOVE SEA LEVEL

AREA AT HIGH WATER LEVEL 98 ACRES (39 7 HECTARES)
VOLUME AT HIGH WATER LEVEL 105 X 10'GALLONS (397 X I0

3 M*
)

CONTOUR INTERVAL 2 METERS (6.56 FEET)

FIGURE 1. Map of Searsville Lake, San Mateo County, California
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unknown number of bluegills and black crappies. The erstwhile abun-
dant carp (Gyprinus carpio) population disappeared at the time of

drainage, but it is possible that a few of the brown bullheads survived in

some of the small mudpuddles which remained. The origin of the other

extant species is not known with any degree of certainty.
In recent years there has been virtually no fishing in this lake, and i lie

only mortality to which existing populations have been exposed may be

classified as "natural" mortality.

METHODS AND MATERIALS

During the months of April and May in 1950 population estimates were
carried out by the method of Schnabel (1938), a modification of the

classical Petersen mark and recapture technique, based on an average
of a series of estimates made while marking is in progress. The popula
tion estimate, P, for the entire series of periods of operal ion is

P S(AB)
2 (C)

where A is the total number of fish observed for each period, B is the

total number of fish marked and at large at the time of sampling, and C
is the number of marked fish recaptured in any one period. There were

from five to seven periods, of one week or less, and the results of each

period were summed as indicated in the formula.

Fish were taken only in one-inch mesh poultry wire traps I Figure 2).

The traps were triangular in cross section, three t'eel on the side and

four feet in length. Four No. 10 galvanized wire triangular hoops were

used for support. The traps were enclosed at one end which was fitted with

a door; the opposite funnel end had an opening of six inches. Attached

FIGURE 2. Fish trap constructed of one-inch galvanized poultry mesh and heavy wire

3—51086
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to each trap was a quarter-inch rope with a board float to mark the loca-

tion of 1 lie trap. The traps were set unbaited parallel to the depth contours
in water 4 to .12 feel deep.

Trapped fish were marked by clipping the left pectoral fin at its base.

Eaeli fish marked or recaptured wras weighed and its length measured.
In order to avoid the possibility of recapturing "trap susceptible" fish,

the traps were kept in one location no longer than 24 hours.

Because of different intensities of trapping and marking efforts in the

north and south sections of the lake, the tabulations of data were kept
separate for each section. The more completely isolated west section of

the lake was not studied.

hi the north section of the lake, 8 to 16 traps were set at or near the
sites indicated by Roman numerals in Figure 1. Five periods of marking,
with each period representing approximately equal amounts of fishing

effort, were utilized between April 2 and May 14, 1950
;
each period of

marking was separated by several clays to allow for a more random dis-

tribution of the marked fish.

In the shallow, weed-choked south section marking was carried out on
the basis of 6 or 7 one-clay periods of fishing distributed between April
15 and May 14, 1950

;
8 to 16 traps were spaced over all but the most

densely weeded areas.

RESULTS

Sufficient numbers of bullheads, black crappies, and bluegills in each

section of the lake were marked for population estimates. Largemouth
black bass, hitch, and green sunfish were too scarce in the trap catches to

allow for adequate estimates of their population sizes. Confidence limits

at the 0.95 level for each of the estimates were computed according to

the Poisson approximation procedures developed by Chapman (1948).
The average weights of the fish of each species were multiplied by the

respective total populations to give an estimate of the total weights of the

populations in the lake. The population estimates, their upper and lower
limits at a confidence of 0.95, the average weights, and the total weights
are summarized in Table 1 for the north and the south sections of the

lake. On the basis of one recaptured largemouth bass in the north section

the population was the obviously low figure of 85, with 0.95 limits esti-

mated from about 18 to 1657
; actually, the upper limit would probably

be much more realistic.

For brown bullheads, black crappies, and bluegills the standing crops
on a per-acre basis were computed for each section of the lake for the

acreages at the high water level and for the acreages when the lake is

drawn down six and one-half feet (two meters). These data are given in

Table 2.

It should be noted that the traps were approximately equally effective

in catching these three species in both the north and south sections of

the lake.

DISCUSSION

The use of the triangular wire traps for sampling fish populations
proved to be very successful. These traps have many advantages over
other types of gear: they are very portable and may be handled easily
and rapidly by one person; they may be set on steep slopes without
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TABLE 2

Comparisons of the Standing Crops of Three Species of Fish in Two Sections of Searsville Lake

on the Basis of Areas at High and at Low Water Levels. (See text.)

Location
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distribution into more pelagic and deeper benthic areas where traps
were not set. Studies now in progress indicate that these species do, in

fact, become more widely distributed as the spring spawning season

progresses. This type of bias in sampling became especially noticeable

when the average size of the recaptured bullheads started to decrease
after four or five weeks, necessitating the discontinuance of the census.

Richer (1942) pointed out the possibility of a similar bias for marked
and tagged bluegills and red-ear sunfish.

Anonrandom sampling bias can also be introduced by the tendency of

some marked fish, especially the bullheads, to become "trap susceptible."
In such an instance, the marked fish would be recaptured with an abnor

mally high frequency (Lagler and Ricker, 1942; Schumacher and Esch

meyer, 1943). This tendency could possibly be circumvented by releasing
all the marked fish in the center of the lake, so thai they would become
more or less randomly dispersed, although during spawning periods this

procedure might well alter the normal activities of the fish. In this study,

trap susceptibility was found to be eliminated by releasing the fish in

the immediate area where they were captured, by removing the traps
after no more than 24 hours in one location, and by allowing several days
to elapse between successive samplings in any one place.

In the relatively isolated north and south sections of the lake, trapping
and marking were carried out at intensities which were not known to be

in proportion to the sizes of the populations present. This procedure
would also result in a bias of random sampling if the samples from both

parts of the lake were to be combined (Lagler and Kicker, 1942). For
this reason it was necessary to compute the census estimates separately
for each section of the lake.

The second basic assumption of the mark and recapture technique is

that there be no difference between the marked and unmarked fish. There

were no indications that there was excessive mortality among the marked

fish. In fact, of all the bullheads which were found dead during the

period of marking, not one had been marked. Data presented by Ricker

(1949) would also indicate that bluegills of the sizes marked in this study

should not experience greater mortality than those which were unmarked.

Another difference between marked and unmarked fish is that the un-

marked fish may be continuously growing into the size range being

sampled. Fortunately during the month of April and pari of May iu

Searsville Lake, the yearling fish, which were the smallesl size sampled,

tended to increase in size as the study continued. This would indicate

that little recruitment, if any, was taking place at this time of year for

the size ranges in question.

The upper and lower 0.95 limits of confidence in Table 1 are calculated

on the basis of the Poisson approximation derived by Chapman I 1948

Thus, the values of the population estimates would lie outside the calcu-

lated' limits in only one chance in 20 if the basic assumptions of the

mark and recapture technique were not violated. Since Q0 a prion infor-

mation existed on which an upper limit for each of the populations could

be established the question of how many fish should be marked and how

many should be handled cannot be solved and consequently the range

of the limits could not be predicted at the outset of the marking opera-

tions. It is evident that the ranges for the bluegills and crappie popula-

tion estimates are perhaps too large for practical purposes. These hunts
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could be reduced only by insuring a greater proportion of recaptured
fish in the samples by marking and releasing more fish or by continuing
the procedure over a lunger time. If the procedure were carried out over
a longer period, natural mortality, recruitment, and the possibility of

biased samples resulting from changes in behavior must be considered.
As mentioned above, there was some evidence that the larger fish tended
to become relatively less abundant in the traps after one month of oper-
ations. The resulting bias in the sampling of the total populations could
be eliminated only by using different gear. Owing to the rapid growth
and death of species in the relatively warm waters of Searsville Lake,
corrections for mortality and recruitment would undoubtedly be large
and could detract considerably from estimates of populations made over

a period of time much longer than a month. Thus, it would seem that

better population estimates for the bluegills and crappies could best be

made by confining the operations to a period of about one month and

by increasing the intensity of marking and sampling to insure a larger
number of recaptures of these two species.

An carried out by one man, the operations involved the daily use of

only 8 to 16 of the wire traps with not over 30 days of work at less

than six hours per day. It is believed that at least 40 traps could be han-
dled twice daily by one man if an increased intensity of sampling were
desired.

The standing crops of the bullheads, bluegills, and black crappies ex-

pressed on a pounds-per-acre basis (Table 2) are quite large when com-

pared to the populations of other bodies of water listed by Carlander

(1950). Of those bodies of water listed by Carlander as having standing
crops over 150 pounds per acre, most are small lakes of the Lake States
or ponds of the Midwest and South. A perusal of the literature from
which these values were taken indicates that the higher standing crops
per acre are often for small, specially managed ponds, for ponds and
lakes where fishes of all sizes were taken by poisoning or draining, or for

lakes where large populations of coarse and forage species were present.
Even if the population size of the largemouth bass for Searsville were
not considered in addition to the species above, the reservoir would

undoubtedly be among the best of those known in the F/nited States for

similar game fish.

The comparisons of the different populations of fish on a pounds-per-
acre basis are admittedly arbitrary, even though the same species of

fishes are present in the waters being compared. ( lomparisons of popula-
tions in waters whose basins are morphometrically dissimilar are espe-

cially hazardous, even though the surface areas of the different waters
be equal. Further, in fluctuating reservoirs the morphometry changes
with the water level and it would be difficult to compute an average area
which could be expected to have any known degree of biological signifi-
cance. In Searsville Lake, taken as a whole, the capacity and the area

plotted against depth form two curves which are essentially identical

when area and volume are plotted on the same axis in scales of the same

length, i.e., the volume and the area of the lake decrease with a dropping
water level at the same relative rates. A comparison of the deeper north
section with the shallower south section during drawdown indicates that

the area decreases much more rapidly in the southern section. Because
the southern section is so shallow, its relative volume is much diminished,
while the relative volume of the north section is but slightly diminished
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for drawdowns of the normal magnitude. The dense growths of aquatic
vegetation must also be considered in making an estimate of the volume
or area of the lake sections. It was found thai traps placed within the
dense growths ordinarily did not catch fish even when the weeds were
carefully separated at the mouth of the trap. The imps were successful,
however, in catching fish in the open or partially open areas between
patches of dense growth. Bennett (1948) aotes thai the vields of fish

from a small pond tend to vary in a general way inversely with the
abundance of plants and directly with the area of open water, in Sears-
ville, the dense growths of plants are maintained in advance of the

retreating shoreline during summer drawdown up to a depth of about
13 feet (4 meters). Thus, with the lake at spillway Level for six to eighl
months of the year, only a part of the shallower waters is open enough
to support fish. For the remaining four to six months when the hike is

drawn down there is an additional loss of environmental space. On the

whole, it was very crudely estimated that the average annual amount
of open waters had an area equal to that within the two meter i 6| feet)
contour.

If the relatively equal catches per unit of effort for the norl h and south
sections of the lake are any indication of approximately equal densities

of fish in these two parts of the lake, the expression of densities on a

pounds-per-acre basis at the high water level in column 5 of Table 2

is rather unrealistically low for the southern section. Computation of

densities on the basis of the approximate average amount of open waters

in the last column of Table 2, on the other hand, seems to be much more
reasonable. Much more data on the distribution and space requirements
of fish at all times of the year will be necessary before the arbitrary ex-

pressions of densities per unit area of open water can be replaced by the

more desirable expression of densities on a volume basis.

SUMMARY

The use of wire traps for sampling fish populations in order to make

estimates of the total populations in a weedy reservoir is to be recom-

mended in cases where the use of nets is difficult and where manpower
is limited.

Population estimates by the mark and recapture technique for brown

bullheads over six inches in total length, bluegills and black crappies

over four inches in total length were made for two nearly isolated -

tions of Searsville Lake. For a deeper section of 34.9 acres a1 high water,

the estimated numbers of these three species were, respectively, 10,554,

4,119, and 4,542; for a very weedy, shallow section of 39.9 acres a1 high

water, the estimated numbers of these three species were, respectively,

5,693, 665, and 1,201. In order to insure random sampling of both the

bullheads and the Centrarchids and in order to avoid biases due to

possible changes of distribution of these species, it is suggested that the

marking and recapturing procedure be carried on within a period of

about one month for the spring spawning season.

It was found that an expression of the standing crops on a per-acre

basis for this weed-choked reservoir were much more realistic when the

acreages at the low water level were used. On I lie low water basis the total

standing crops for the bullheads, the bluegills, and the crappies were

approximately equal to 162 pounds per acre in each of the sections of
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the lake, while on a high water basis the standing crop in the shallower

portion was disproportionately low. The brown bullheads were the domi-

nant species in both numbers and weight in both sections of the lake.

Though the relative abundance of all three species was of the same

general magnitude in each section, the exact proportions of the three

species in the two sections were somewhat different. On the basis of

known populations of game species in other lakes, ponds, and reservoirs

in the United States, the populations in Searsville Lake are fairly large
on an areal basis. The value of population studies on unfished waters of

this reservoir is emphasized, because a knowledge of the numbers and

proportions of different species which occur in a state of natural balance

is indispensable for an understanding of the balance of populations in

other bodies of water which are influenced by selective removal by
fishermen.
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WEEKDAY ANGLING PRESSURE IN THE SACRAMENTO-
SAN JOAQUIN DELTA, 1948 AND 1949'

By OLIVER B. COPE and LEO F. ERKKILA
U. S. Fish and Wildlife Service, Stanford, California

INTRODUCTION

The Sacraniento-San Joaquin Delta in California is one of the mosl
popular and productive large sportfishing areas in the Slate. The delta
is an intricate network of waterways separated by low islands thai are
protected by levees, and its waters aggregate about 500 miles of channels
of various sizes. The widest channel is more than 4,000 feet wide, bul
some of the waterways measure less than 100 feet from bank to bank.
Situated only an hour's drive from the large urban areas of the San
Francisco Bay region, well supplied with highways and access roads,
and with many bait shops, boat liveries, and other facilities for the

angler, the delta area has developed into a sport fishermen's recreation

ground that is probably unequaled in popularity by any other area of

its size in California.

Sport fishing in the delta area is directed toward several kinds of

prized game fishes, some of which also enter the commercial fishery in

the same waters. Foremost among the fishes sought by sport anglers
in the delta is the striped bass (Boccus saxatilis), whose ad nils utilize

these waters for feeding and spawning, and whose immature stages

undergo much of their development here. The white catfish Ictalurus

catus) is greatly sought in delta waters, and is abundant throughout
much of the maze of channels making up the area. The brown bullhead

(Ameiurus nebulosus) often appears in delta catches, and, on rare occa-

sions, the channel catfish (Ictalurus lacustris) is taken. A small sporl

fishery for king salmon (Oncorhynchus tshawytscha) is Hound on the

outskirts of the delta (Sacramento and San Joaquin Rivers), although
this fishery is of minor importance compared to the salmon fisheries

occurring above the delta. Lar'gemouth black bass [Micropterus sal-

moides) , bluegill (Lepomis macrochirus) , green sunfish I
L< pomis cyam l-

lus), and black crappie (Pomoxis nigromaculahis) are numerous in parts

of the delta region, and many anglers seek them in their fishing efforts.

With such a variety of resident and anadromous fishes available in the

same waters, it is understandable that tli e Sacramento-San Joaquin delta

should be so popular among sport fishermen in Central California.

The present paper deals with the amount of fishing efforl observed

over an extended period in various channels of the delta. Calhoun ( 1949

made a thorough treatment of the party boat fishery for striped bass in

the delta from 1938 to 1948. His summary of boat days, angler days, and

* Submitted for publication March, 19 51. The U. S. Department.of the Interior, Bureau

of Reclamation, financed the fishery studies on which this paper is based.

(73)
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numbers of striped bass landed showed the enormous amount of effort

expended and the large numbers of striped bass taken from party boats
alone. Calhoun (1950), in his discussion of angling catches throughout
the State, provided substantial evidence of the popularity of the delta

area and of the success of anglers in delta waters, particularly with ref-

erence to striped bass and catfish. Calhoun (1951) compared angling
catches for California in 1948 and 1949 for several species of fish, includ-

ing those species that are most popular in the delta. Although total catch

estimates, mean catch estimates, and numbers of successful anglers were

slightly greater in 1949 than in 1948, the differences with respect to

striped bass were not statistically significant. Differences in mean catches

of catfish and black bass were statistically different, indicating decreases

in success from 1948 to 1949. The present paper does not deal with catches

nor with species, but provides some comparative figures on fishing effort

from place to place in delta waters. A comparison is made also of fishing
effort in the delta in 1948 and 1949. Trends in effort from month to month,
and from weekday to weekday, are described.

The TJ. S. Fish and Wildlife Service was engaged in a biological survey
of delta waters during 1948 and 1949. In the course of these investiga-

tions, routine collections of physical and biological data were made by

'NUT GROVE
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boat at sampling stations distributed throughout most of the delta area,from Sacramento River below Walnut Grove on the north, toSanJoaquin
River below Mossdale on the south, and loll ir mouths of Sacramento and
San Joaquin Rivers on the west. Twenty-five such stations were main
tained in 1948.

_

In 1949, 20 of the 25 1948 stations were continued, and an additional
site, Station No. 26, was added in the month of May. Ww locations were
set up on the same streams to replace the five 1948 stations that were
discontinued. The following list indicates the locations of the collecting
stations visited (see also Figure 1) and their number designations.

Station No. Location
1 Old River, Livermore Yacht Club upstream two miles.
2 Grant Line Canal, Grant Line Bridge to Old River.
3 Coney Island Cut, entire length.
4 Victoria Canal, entire length.
5 Old River, Woodward Canal to Santa Fe Railroad Bridge.
6 Holland Cut, entire length.
7 False River, overhead cables to Fishermen's Cut.
8 Middle River, San Joaquin River to Salmon Slough.
9 Middle River, Borden Highway Bridge to North Victoria Canal.

10 (1948) Middle River, Santa Fe Railroad Bridge to Empire Cut.
10 (1949) Middle River, Empire Cut to Connection Slough.
11 San Joaquin River, ^ mile below Southern Pacific Railroad Bridge, Moss

dale, to Middle River.
12 (1948) San Joaquin River, \ mile below bifurcation of Middle River for two

miles downstream.
12 (1949) San Joaquin River, Brandt Bridge to Borden Highway Bridge.
13 (1948) San Joaquin River, Navigation Light No. 21 to Light No. 17.

13 (1949) San Joaquin River, Turner Cut upstream to Navigation Light No. 35.
14 Venice and Mandeville Cuts, Navigation Light No. 5 to Light No. 2.

15 San Joaquin River, Mouth of Mokelumne River to Seven Mile Slough.
16 San Joaquin River, Three Mile Slough to False River.
17 San Joaquin River, Blind Point to Mayberry Cut.
18 (1948) South Fork Mokelumne River, North Fork to Terminous.
18 (1949) South Fork Mokelumne River, Terminous to Sycamore Slough.
19 (1948) North Fork Mokelumne River, mouth of South Fork upstream two miles.

19 (1949) North Fork Mokelumne River, five miles above South Fork upstream
two miles.

20 Mokelumne River, Georgiana Slough to Jackson's Harbor.
21 Georgiana Slough, Tyler Island Bridge to mouth of Slough.
22 Sacramento River, Pratt-Low Preserving Company Cannery to Isleton

Highway Bridge.
23 Sacramento River, Isleton to Grand Island Sounding Board.
24 Sacramento River, west side of river, Rio Vista to Three Mile Slough.
25 Sacramento River, east side of river, Toland's Landing to Towers.
26 (1949) Sacramento River, Bell-buoy No. 10 to Stake Point.

In 1948, each station was worked about once each week, on a weekday,
from April 9 to December 15. Under this regime, almost all stations were

visited 18 or 19 times during the year. In 1949, each station was worked

once a week, Tuesday through Friday, from January 26 to September 21.

This schedule covered each station, except No. 26, 32 or 33 times during
the sampling season. Station 26 was visited 19 times in 1949. Although a

truly random sampling schedule, with regard to day of the week and

hour of the day for each station, was not followed, no station was visited

always on the same day of the week or at the same hour of the day.

Observations on the numbers of anglers were made each time the boat

operated at a station. While the operation, consisting of a half-hour net-

tow, was in progress, personnel equipped with field glasses kept records
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of the numbers of shore anglers and those in boats within the confines of

the st;it ion. The lengths of stations varied from abont one-half mile to

two miles. The time for counting anglers on each station consisted of the

half-hour duration of the tow plus a few minutes (up to 10 minutes) at

the station before and after the actual towing.

ANGLING PATTERNS

In this report, angling has been divided into "shore fishing" and "boat

fishing." Shore anglers fished from the banks or from piers with casting

equipment or drop lines. Boat fishermen used skiffs (usually with out-

board motors), small inboard launches, larger party boats, and a few

large pleasure cruisers up to 50 or 60 feet long. Boat fishermen used

a greater variety of angling equipment than did shore fishermen. Some
trolled with lures

;
others anchored and fished with baited casting gear.

Bait fishing for striped bass with chunks and filets of sardine was the

most widely observed method seen in this study. Juvenile striped bass

and catfish are the principal fish sought during the summer months, and

large striped bass are the chief sport fish in the delta from mid-September

through May.
No breakdown of boat effort into launch and skiff fishing was made in

1948. Although such a breakdown was made in the field in 1949, the

detailed information shown here in tabular and graphic form compares
boat fishing in general with shore fishing. Some figures are presented
for the 1949 season as a whole, showing relative numbers of launches

and skiffs used in the observation areas.

POPULAR AREAS

The 1948 and 1949 observations provide some interesting information

on the relative popularity of different fishing areas (Tables 1 and 2).

The tables, which summarize all observations over the 18-month period

of study, cover totals of 3,253 anglers in 1948, and 7,246 in 1949, and

embrace the results of 445 surveys in 1948, and 841 in 1949.

The best measure of the popularity of angling localities in the delta

is provided by the average number of anglers seen per station per sur-

vey. The constancy of the popularity of certain places is also seen by

comparing figures for the two years. Station 23 (Sacramento River, from

Isleton to the Grand Island Sounding Board), for instance, was the most

popular angling site in both years (27.72 anglers per observation in 1948,

and 21.21 anglers in 1949) . The ranking of the other stations was not the

same in both years, but 11 of the 12 most popular fishing sites in 1948

were also among the first 12 in 1949. At these popular sites (with a few

exceptions such as Stations 23 and 15), the 1949 counts of anglers were

slightly higher than those for 1948. The average for all stations show
7.31 anglers per station in 1948 and 8.60 for 1949. Reference to Figure 2

will reveal, however, that the figures are not comparable, since the same

period of months was not covered in the sampling periods for each year;
October and November, months of heavy fishing in 1948, for example,
were not covered in 194!). When the computation of the average is based

only on the data for those months that were sampled in both years, i.e.,

April through September, the figures become 6.23 anglers per station

per survey for 1948 and 9.47 for 1949.
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TABLE I

Summary of Data on Angling in the Delta in 1948

i i
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TABLE 2

Summary of Data on Angling in the Delta in 1949
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TABLE 3

Average Number of Anglers Observed Per Station Per Survey, by Months, 1948 and 1949

79
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TABLE 4

Total Numbers of Anglers and Numbers of Anglers Per Sfation Per Survey,

According to Days of the Week
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TOTAL ANGLING EFFORT

It would be highly desirable to know the total number of anglers using
delta waters in a year's time. The present data do qoI permit treatmenl
for an accurate determination of such a total, since certain accessory
information is lacking. In the absence of reliable figures concerning the
hourly turnover of anglers in the delta, any attempt to project the pres-
ent data into an annual total would be little more than ;i ro'n-h eslimale.
On the other hand, even an approximate value will indicate the order
of magnitude, and will be of interest to all who fish in the delta.

If we assume that the average delta angler fishes for a half-day, and
that in 1948 the average number of anglers per station per survey was
approximately seven, and that the corresponding number for 1949 was
10, the following estimates of annual values are obtained : 1948, 91,000;
1949, 130,000. It should be emphasized that these figures represent only
the number of weekday anglers using the localities here discussed. Satur-

days and Sundays, which would probably each support more anglers
than a week's days combined, are not included. Another point not con-

sidered here is the great number of delta localities lying outside the area
of this study. These localities include not only those places between

sampling stations on the various channels, but several particularly active

sites, such as Frank's Tract, Sherman Island Lake, and Big Break on
Dutch Slough. No attempt is made here to extend the present estimate
to include weekends or other areas.

SUMMARY

During the course of biological investigations in the Sacramento-San

Joaquin Delta in 1948 and 1949, Fish and Wildlife Service personnel
made routine surveys of the numbers of sport anglers present at collect-

ing stations while net tows were being made. Twenty-five stations were
visited at intervals from April, 1948, through April, 1949, and 26 from

May, 1949, through September, 1949.

The monthly averages of the numbers of anglers observed per station

per survey indicate that for those months in which observations were
made in both 1948 and 1949 (April through September), the trends from
month to month followed each other closely in the two years. The actual

counts in 1949, however, were higher than those in 1948. Fishing pres-
sure in October and November, 1948 (no counts were made in those

months in 1949) ,
was heavier than in other months of the year. The fluctu-

ations from month to month can be attributed largely to changes in boat

angling pressure, since the numbers of shore anglers remained nearly
constant from month to month.

Average counts on different days of the week revealed angling pres-
sure to be highest on Fridays and lowest on Wednesdays in both 1948 and
1949. (No data were collected for Saturday or Sunday in either year
or for Monday in 1949 ) .

Average counts for the different localities proved that the most popular
areas in 1948 were popular in 1949, as well.

It is estimated roughly that 91,000 anglers fished observed waters in

1948, and 130,000 anglers used them in 1949. This estimate does not in-

clude Saturdays or Sundays, or areas not included in the survey.
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AVERAGE LUNAR MONTH CATCH BY CALIFORNIA

SARDINE FISHERMEN, 1949-50 AND 1950-51
1

By FRANCES N. CLARK and ANITA E. DAUGHERTY
Bureau of Marine Fisheries, California Department of Fish and Game

INTRODUCTION

The Pacific sardine (Sardinops caerulea), fished From British Colum-
bia to Mexico, has been under investigation for 30 years, and several

reports on the measures of the success of the fishermen have been pub-
lished. The most recent (Clark and Daugherty, 1950) reviewed previous
work and summarized the average lunar month catch of the California

fishermen for the seasons 1932-33 through 1948-49. This report is a con-

tinuation of those calculations for the following two seasons and is here

presented to make current records available to other individuals and

agencies studying the sardine.

Except as noted, the methods used are the same as these described in

the 1950 report, Tables 1 and 4 of the former report have not been re-

peated but extensions for the 1949-50 and 1950-51 seasons are here shown
in Tables 1 and 2. In this report no data are given for the Sar Francisco

fishery alone, During the past two seasons not enough sardines were

taken off San Francisco to permit any calculations of fishing success ;it

this port and there is nothing to add to previously published records.

The few deliveries made at San Francisco are included, however, in the

calculations for the entire California fishery.

TABLE 1

Dates of Lunar Months Used for Comparison of the Catch of Each Boat With Its Catch in the

Corresponding Lunar Month of the Previous Season

Lunar month
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TABLE 2

Number of Boats Used in the Calculation of the Average Lunar Month Catch Compared

With the Total Number of Boats Fishing
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considered as fishing full months. At San Pedro the previously used

criteria were applied in October-December. \n January ;m<l February,
however, fishing became rather poor. In January boats making at least

two deliveries, even though in the same lunar week, were assumed to be

fishing all month providing they made deliveries in February. In a few-

cases, in January and February, boats known to be fishing, although
unsuccessful, were assigned zero catches.

CORRECTION FOR LIMITS

During the 1949-50 season, as in 1948-49, economic conditions were
unfavorable and there was a limited demand for canned sardines or

sardine meal and oil. Because of this, throughout the season varying
limits were placed on the number of tons that the fishermen could deliver

on specific days. Comparison of the sizes of the catches when no limits

were in effect with those held down by limits indicated that correction

factors would be needed. At San Francisco no adjustments were uecessa ry

for any catches except those made in August and September. For thes

the weighting factor was 1.507. At Monterey catches made in August
and September were materially smaller than they would have been with-

out limits and these were weighted by a factor of 1.9.32. In October a

factor of 1.136 was used. No corrections were necessary for the remain-

der of the season. At San Pedro limits held the catches down throughout
the entire season and a weighting factor of 1.151 was used for all months.

In 1950-51 sardines were less abundant on the fishing grounds and

economic conditions were better. As a result, limits were placed on the

daily catches for a short time only. No corrections were applied to the

few San Francisco deliveries; at Monterey catches made in August were

weighted by a factor of 1.02215 and at San Pedro the catches made in

October were multiplied by 1.0575.

FISHING SUCCESS IN 1949-50 AND 1950-51

The improvement in fishing success which began in 1948-49 was con-

tinued in 1949-50 as is shown in Figures 1 and 2 and Tables 3-8. Un-

fortunately this upward trend did not continue in 1950-51 and the

average lunar month catch in the entire California fishery declined to

65 percent of 1949-50. The lack of sardines on the Central California

fishing grounds resulted in a near failure at Monterey and a complete

collapse at San Francisco. The Monterey average catch in tons was only

20 percent of the previous season. In Southern California sardines were

found in fair abundance throughout the season. The average tonnage

caught per month for this area, although only 75 percent of 1949-50, was

still above that of the three previous seasons, 1946-47 through 1948-49. For

these recent seasons the trends, based on numbers of fish per lunar month,

differ but little from those based on tonnage.
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TABLE 3

Average Lunar Month Catch for All California (in Tons)
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TABLE 4

Average Lunar Month Catch for Monterey (in Tons)
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TABLE 5

Average Lunar Month Catch for San Pedro (in Tons)

- -nns
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TABLE 6

Average Lunar Month Cafch for All California (in Numbers)

93

Seasons

Average monthly catch

Numbers

1932-33

1933-34

1933-34
1934-35

1934-35
1935-36

1935-36
1936-37

1936-37
1937-38

1937-38

1938-39

1938-39
1939-40

1939-40
1940-41

1940-41

1941-42

1941-42

1942-43

1942-43
1943-44

1943-44
1944-45.

1944-45

1945-46

1945-46

1946-47

1946-47

1947-48

1947-48
1948-49.

1948-49

1949-50.

1949-50.

1950-51.

2,340,659

2,688,398

2,538,674

3,524,561

3,509,942

2,797,561

3,106,098

2,867,485

3,038,650

1,727,027

1,885,135

3,091,803

3,172,131

2,975,969

3,136,434

3,571,681

4,128,319

4,730,275

4,098,165

3,947,619

4,193,651

3,270,803

3,713,139

3,521,528

4,408,333

3,207,042

3,269,014

1,961,667

2,051,667

1,098,319

1,036,975

2,462,617

2,036,449

3,659,504

3,587,760

2,089,630

Ratio

.8707

.7203

1.2546

1.0832

1.7595

.6097

1 . 0659

.8781

.8727

.9633

.7799

.9484

.7275

.6001

.5353

2.3748

1.7970

.5824

Linkage
(average monthly catch)

Numbers

3,060,668

3,515,181

4,880,163

3,889,816

3,591,041

2,040,944

3,347,456

3,140,497

3,576,469

4,098,165

3,947,762

3,078,860

2,919,991

2,124,293

1,274,788

682,394

1,620,549

2,912,127

1,696,023

Percent

74.68

85 . 77

I 19.07

9 1 .91

87.62

49.80

81.68

76.63

87.27

100.00
96.33

75.13

71.25

51.83

31.10

16.65

39.54

71.05

41.38

Tot.-. I

catch.

numbers

1,371,349,600

2. KI9.7.".:; .(.mi

3,497,064,900

3,407,798,900

4,441.916.800

2,788,745,600

4,683.042,700

4,127,771.600

4,021,823. 8(H)

5,343,901,500

3,988,448,700

3,453,436,700

:; si 19 999 -,oo

2,792,801,200

1,893,083,100

926,939,400

1,492,529,400

2,757,132,000

Total
boat

months

148.1

600 2

716 6

876.1

1,236.9

1 366 i

1,399.0

1,314.4

1,124.5

1,304.0

1,010.3

1,121.7

1,304.8

1,314.7

1,485.0

1,358.4

921.0

946.8

2,589,569,000 1,526.8



94 < U.II'OKMA I'ISII AND CAM I.

TABLE 7

Average Lunar Month Catch for Monterey (in Numbers)

Average monthly catch

Seasons

Numbers Ratio

Linkage
(average monthly catch)

Numbers Percent

Total
catch

numbers

1932-33.

1933-34.

1933-34.
1934-35.

1934-35.
1935-36.

1935-36.
1936-37.

1936-37.
1937-38-

1937-38-
1938-39.

1938-39.

1939-40.

1939-40.

1940-41-

1940-41.
1941-42.

1941-42.
1942-43.

1942-43-
1943-44.

1943-44.

1944-45-

1944-45.
1945-46.

1945-46.
I'Mii 17

1946-47.

1947-48.

1947-48.
1948-49.

1948-49.

1949-50.

1949-50.

1950-51.

2,416,111

2,363,388

2,186,885

3,628,655

3,535,088

2,588,485

3,144,242

3,398,765

4,201,235

2,194,444

2,729,861

5,120,168

5,072,269

4,757,576

4,836,364

4,281,897

4,950,862

6,600,000

5,268,571

3,884,672

3,645,255

3,730,986

4,778,169

4,431,690

5,913,380

3,062,893

3,502,516

841,259

861,538
602,727

350,000

1,502,353

1,897.647

4,429,197

5,245,255

893,750

1.0223

.6027

1.3657

.9251

1.9145

.5332

1.0661

1.1295

.7501

.7373

1.0235

.9275

.5180

.2402

.6996

4.2924

2.3340

.1704

3,781,510

3,699,022

6,137,419

4,493,973

4,857,824

2,537,385

4,758,786

1,463,733

3,951,955

5,268,571

3,884,517

3,975,803

3,687,557

1,910,155

458,819

320,990

1,377,817

3,215,825

547,977

71.77

70.20

116.48

85.29

92.20

48.16

90.32

84.72

75.01

100.00
73.73

75.46

69.99

:{i;.l>.-,

8.71

6.09

26.14

61.01

10.40

495,872,200

830,256,800

1,344,982,500

1,117,868,900

1,273,018,500

725,444,400

1,513,361,300

1,721,447,000

1,423,663,800

2,378,257,100

1,336,919,700

1,495,654,900

1,652,204,200

894,855,300

187,342,700

131,233,800

474,660,832

937,304,000

200,622,000
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TABLE 8

Average Lunar Month Catch for San Pedro (in Numbers)

Seasons

1932-33
1933-34

1933-34

1934-35

1934-35

1935-36

1935-36

1936-37

1936-37

1937-38

1937-38
1938-39

1938-39

1939-40

1939-40
1940-41

1940-41

1941-42

1941-42

1942-43

1942-43
1943-44

1943-44

1944-45

1944-45

1945-46

1945-46

1946-47

1946-47

1947-48

1947-48
1948-49

1948-49

1949-50

1949-50

1950-51

Average monthly catch

Numbers

2,044,512

2,829,375

2,625,625

3,006.000

2,695,333

2,031,206

2,528,369

1,786,184

1,853,947

1,372,222

1,446,825

2,247,573

2,437,864

1,827,778

1,946,296

3,076,000

3,838,000

3,240,206

3,421,649

4,523,585

5,107,547

2,917,431

2,826,606

4,052,066

4,208,264

3,782,203

3,682,203

2,421,368

2,542,735

1,118,333

1,091,667

2,388,034

2,058,974

3,663,063

3,477,477

2,206,061

Ratio

.7226

.8735

1.3270

1.4155

1.3511

.6437

1.3338

.6327

1.1845

1.3220

.5712

1.4335

.8988

.6576

.4398

2.1875

1.7791

.6344

Linkage
(average monthly catch)

Numbers

3,526,725

4,880,605

5,587,413

4,210,560

2,974,610

2,201,621

3,420,259

2,564,297

4,052,943

3,421.649

4,523,420

2,583,778

3,703,846

3,329,017

2,189,162

962,793

2,106,110

3,746,980

2,377,084

Percent

103.06

142.63

163.29

123.05

86.93

64.34

99.95

74.94

118.45

100.00
132.20

75.51

108.24

97.29

63. US

28.14

61.56

109.52

69.48

Total

catch

hers

509,097,600

789,776,500

1,224,708,700

1,053,331,100

936,642,300

866,906,000

1,437,404,800

862,740,700

1,712,317,900

1,524,396,400

1,919,972,000

1,241,122,700

1,465,636,300

1,444,233,900

1,688,147,800

792,379,900

1,003,782,326

1,698,032,000

2,318,938,000

Total
boat

months

1111

161.8

219.2

250.2

314.9

393.8

420.3

336.4

422.5

445.5
424.5

480.4

395.7

433.8

771.1

823.0

476.6

453.2

975.5
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RELATIVE STRENGTH OF VARIOUS YEAR CLASSES

Other studies indicate that the success of the season's fishing is largely
dependent at present on two year classes, sardines about 1\ and 3| years
old. With only two year classes supplying three-fourths or more of the
catch any major changes in the abundance of each year class is of material

importance to the fishery. The data here presented, together with the
data on numbers of fish taken from each year class each season given by
Felin et al. (1948, 1949, ]!»:><). 1951) and Mosher, Felin and Phillips

(1949), furnish a measure of the relative abundance of each of 11 year
classes, 1938-1948.

The numbers of fish taken in the California fishery from each of these

year classes when 2i and 3| years old, as shown by Felin et al., was di-

vided by the total number of boat months in each specific season as given
in Table 6. The result (Table 9) is the number of fish caught per lunar
month for each year class and makes possible a direct comparison of the

strength of these groups.

TABLE 9

Relative Size of Individual Year Classes Measured by the Number Taken Per Average

Boat Month When Each Year Class Was Approximately V/i and V/i Years Old



LUNAR MONTH CATCH BY SARDINE FISHERMEN '.> i

REFERENCES

Clark, Frances N., and Anita E. Daugherty
1950. Average lunar month catch by California sardine fishermen, 1932 .'I.

-

', tlir.muli
1948-49. Calif. Div. Fish and Game, Fish Bull. 7<i, 28 p.

Felin, Frances E., and Julius B. Phillips
1948. Age and length composition of the sardine catch off the Pacific Coasl <>!' the

United States and Canada, 1941-42 through 194G-47. Calif. Div. Fish and
Game, Fish Bull. 69, 122 p.

Felin, Frances E., Anita E. Daugherty and Leo Pinkas
1950. Age and length composition of the sardine catch off the Pacific Coasl <>f i In-

United States and Canada in 1949-50. Calif. Fish and Game, vol. 36, no. ::,

p. 241-249.

1951. Age and length composition of the sardine catch off the Pacific Coasl of the
United States and Canada in 1950-51. Calif. Fish and Came. vol. ''>', no. •"..

p. 339-349.

Felin, Frances E., Julius B. Phillips and Anita E. Daugherty
1949. Age and length composition of the sardine catch off the Pacific Coast of the

United States and Canada in 1948-41). Calif. Fish and Game, vol. 35, no. •"..

p. 165-183.

Mosher, Kenneth H., Frances E. Felin and Julius B. Phillips
1949. Age and length composition of the sardine catch off the Pacific Coasl of tin'

United States and Canada in 1947-48. Calif. Fish and Game, vol. 35, no. 1,

p. 15-40.

Silliman, Ralph P., and Frances N. Clark
1945. Catch per-unit-of-effort in California waters of the sardine (Sardinops

caerulea) 1932-1942. Calif. Div. Fish and Game, Fish. Bull. 61'. 76 p.

4—51086





SARCOCYSTIS IN DEER AND ELK OF CALIFORNIA'

By KENJI SAYAMA
Bureau of Game Conservation, California Department of Fish and Game; and

Zoology Department, University of California, Berkeley

INTRODUCTION

Sarcocystis is believed to be a protozoan parasite that is found chiefly
in the striated muscles of mammals, birds, and reptiles. Recent reports

(Spindler and Zimmerman, 1945; Spindler, 1947) state that Sarcocystis
is a fungus rather than a protozoan. It appears as a whitish, spindleshaped
body varying in length from microscopic to as large as five centimeters

depending upon the host.

This parasite was first discovered by Miescher (1843) who described

milk-white filaments in the striated muscles of domestic mice. Since that

time it has been reported in over 45 hosts and numerous papers have
been written about this organism, but our knowledge of its life cycle and
distribution is very incomplete. It is believed that infection of a new
host begins with the entrance of spores into the digestive tract. Once in

the intestine the spore membrane ruptures and the liberated sporozoite

penetrates the intestinal epithelium and makes its way into the muscle
tissue by way of the blood stream. Among the mammals they have been

found chiefly in swine, cattle and sheep in which as many as one hundred

percent have been reported to be infected in some localities.

Sarcocystis in deer of California, Odocoileas hemionus, was first ob-

served by Herman (unpublished report, 1948) in muscles of deer from

Sequoia National Park in Tulare County on February 11-13, 1948. Forty
to sixty percent of the deer were found to be infected. A few of the cysts

were grossly visible but the majority required microscopic study of histo-

logical sections for diagnosis. An examination of muscle samples obtained

from deer on a subsequent field trip to the same area on April 5-9, 1948,

presented a similar picture. A year later in April, 1949, a more extensive

investigation of this parasite in the deer of California was initiated. Since

a special hunting season was being granted in 1949 for the taking of

antelope and elk, an examination for Sarcocystis in both of these animals

was included in this study.
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encouragement in this study lias made its completion possible.
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MATERIALS AND METHODS

Muscle samples were obtained from several sources. However, the

majority were collected by personnel of the Bureau of Patrol, California

Department of Fish and Game. Others were procured from hunters dur-

ing the deer season which extended from August 7-September 15, 1949,
in some areas of California and from September 16-October 15, 1949. in

other areas. Specimens were preserved in 10 percent formalin until

processed.
A total of 1,062 deer muscle samples was collected. Included in these

were 52 samples obtained from deer on Santa Catalina Island, Los

Angeles County, during a special hunting season, which extended from
November 1. 1949 to January 31. 1950.

In addition to deer, samples were obtained from 73 antelope, Anti ] o-

capra arm ricana, and 36 elk, Cervus nannodes. The former were collected

in Modoc and Lassen Counties between August 27 and September 5, 1949,
and the latter in Inyo County between December 2-11, 1949.

All samples were fixed in 10 percent formalin, dehydrated, embedded
in paraffin, cut eight micra thick and stained with hematoxylin and eosin.

Completed slides were first examined under a dissecting microscope using
a 9x ocular and 3x objective. This proved to be the most rapid method
of picking out the positive cases and making a count of the number of

cysts. Slides negative by this procedure were further examined under a

compound microscope using 5x ocular and low power objective, scanning
the entire section with a mechanical stage.

Following the preliminary counting of cysts by means of the dissecting
and low power microscope, oil immersion was used to make a more detailed

morphological study of the cysts.

RESULTS

Description of Sarcocysfis in Deer and Elk of California

One of the earliest accounts of Sarcocystis in deer is that made by
Hessling (1854 . who reported the finding of so-called '"Miescher's

tubes" in the striated muscles of sheep, cattle and deer. The author, how-
r. has hem unable to find any published reference on the occurrence of

Sarcocystis in Xorth American Cervidae.

Although it is quite difficult to detect the presence of Sarcocystis in

the muscle of deer with the unaided eye. except in extremely heavy infec-

tion-., it is quite simple to observe the cysts under a dissecting microscope.
They appear as small, whitish, cylindrical and fusiform bodies lying
embedded in and parallel with the muscle fibers and standing out against
the pinkish and glistening background of the muscle tissue. The cysts
are comparatively small in size varying from a fraction of a millimeter to

several millimeters in length. None has been observed to have a length
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as great as 1 or 2 centimeters as is commonly found in waterfowl. The
appearance of the sarcocyst varies depending upon its local ion in the

body, its age, and the nature of the enclosing tissue. In general, the

majority of the mature cysts measured 40 to 70 micra in diameter with a

thin compact wall 1 to 2 micra thick. Occasionally, an except tonally Large

cyst having a more complex wall structure was observed. These cysts
measured about 100 micra in diameter. The cysl wall was rather thick,

measuring 5 to 6 micra thick and the outer envelope was radially striated.

A cyst which was cut at an angle showed this outer envelope to have a

honeycomb-like structure. Surrounding the outer envelope was a uniform

layer of muscle 7 to 8 micra thick with the muscle nuclei Located periph-

erally. Inside the wall was a thin hyaline membrane 1 to 2 micra thick.

The interior of the cyst was divided into numerous compartments which

were visible in few of the cysts. The compartments were not all of

uniform size, the peripheral compartments being smaller than the more

centrally located ones. The peripheral compartments contained more

spherical sporoblast cells while the center compartments contained

crescent-shaped spores. The spores themselves were quite uniform in

size as well as in morphology. They were all crescentric in shape, one

end of which was rounded and the other pointed. They measured !) to 10

micra in linear length and 3 micra in width. In some of the spores, a

darkly staining nucleus was observed at the rounded end while the

pointed end was clear with a mass of deeply staining granules be1 ween. No
difference in the morphology of the spore itself was noted whet her it was

found in the tongue, diaphragm or thigh, but there was some variation

in the shape of the cyst itself depending on its location within the <\crv.

This was especially true of the cysts found in the tongue muscle which

had an irregular appearance both in cross section and longitudinal sec-

tion. This probably can be explained by the irregular pattern of the

tongue muscle fibers.

Of the 36 elk samples, 55 percent were found to be infected with

Sarcocystis. The cysts in elk were uniformly small in diameter rang-

ing from 30 to 70 micra while the length varied from 100 to 150 micra.

In addition to its comparatively small size, the intensity of the infection

in elk was extremely light as compared with that found in the deer. All

except one of the 20 positive cases had a count of one or two cysts per

section. The only exception had 10 cysts. In contrast to this, two deer

muscle samples were found with a count of approximately 200 cysts in

an area of tissue of a similar size. The majority of the cysts observed in

elk had a cyst wall which was consistently compact with a uniformly thin

layer of muscle surrounding it. The wide variation in the structure of

the cyst wall observed in the deer was absent, The spore itself, however,

was quite similar to that observed in the deer. Its dimensions were :: micra

wide and 9 to 10 micra long. The length represented a linear rather than

a curved measurement. No observable difference was noticed in the

morphology of the spore found in the deer and elk.

Muscle samples from the tongue, diaphragm and thigh of the 7:! ante-

lope were sectioned and examined. Although a careful search for the

parasite was made, not a single cyst was found.
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Distribution of Sarcocystis Within the Deer

It is generally agreed that Sarcocystis is found chiefly in striated

muscle. Occasionally it has been reported to occur in connective tissue.

Various skeletal muscles from adult deer including tongue, eye, neck,

diaphragm, and thigh, as well as heart muscle, were sectioned and ex-

amined. Sarcocystis was found to occur in all these locations.

A further study was made by comparing ham, tongue and diaphragm
muscles taken from 30 deer. Sixty percent were either all positive, or all

negative. An additional 23 percent were positive in both tongue and
thigh but negative in the diaphragm. The remaining 17 percent were
infections of low intensity. Thus it appears that good correlation exists

between tongue and thigh and among the three, provided the intensity
of the infection is not too low.

Since the cysts can be found in such diversely located parts of the
animal as in the tongue, diaphragm and thigh simultaneously, as well as
in the eye, neck and heart muscle, it can safely be concluded that sarco-

sporidiosis is a generalized rather than a localized infection of the skeletal

muscles of deer.

Distribution of Sarcocystis in Deer of Different Ages

Numerous experiments have been carried out in the lamb, sheep, calf

and pig on the life history of Sarcocystis concerning the age and time of

year at which the animals are naturally infected and its relation to the
life cycle of the parasite. The general conclusion was that the youngest
age at which infection occurred was between 6 and 10 weeks and that
the youngest cysts were found in the spring.
A similar situation was found in the deer. A total of 82 deer muscle

samples, including 15 fawns, were collected in Contra Costa and Ala-
meda Counties between April 1 and the beginning of the deer season
on August 7, 1949. As the tissues were examined as they arrived at the

laboratory, it was soon noticed that the majority of the fawns were

negative while all the yearlings and adults were positive. An inspection
of the findings showed that the first positive case among fawns was col-

lected on July 25, 1949, from Alamo, Contra Costa County. Up to that

time 65 yearling and adult muscle samples and eight fawn samples had
been received, all of the former being positive and all of the fawns being
negative. Since the young are dropped sometime during April and May
in Alameda and Contra Costa Counties, a period of two or three months
elapsed before the first positive case was detected in a fawn. This observa-
tion is in agreement with those made by other workers discussed above
in which they came to the general conclusion that the youngest age at

which infection occurred was between 6 and 10 weeks.

Incidence and Geographical Distribution of Sarcocystis
in Deer of California

In contrast to the varied opinion among the workers as to the mode
of transmission of Sarcocystis, they agree on its widespread prevalence
and high rate of incidence. A similar situation was found to exist in

deer of California. A total of 1,062 deer muscles was collected from 40
of the 58 counties of California, of which 877 were successfully sectioned.
These data are tabulated by counties in Table 1. Excluding the 31 fawns,
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577 of the 846 yearlings and adults or 68 percent were found to be posi-
tive for Sarcocystis. This value is very likely an underestimation as to

what actually exists in nature, since the detection of a positive case was
based on the examination of a single section of tissue approximately one

centimeter square and eight micra thick.

Although an insufficient number of samples was obtained, indications

are that Sarcocystis in deer occurs thorughout all of California with an

incidence rate ranging roughly from 60 to 90 percent.

Pathogenicity

There is a wide difference of opinion as to the general pathological
effects produced by this parasite. Some workers believe that sarcospori-
diosis causes no ill effects, while others believe that it results in severe

illness and even death if a large number of sarcocysts are present. Since

it was not possible to obtain a full autopsy report on each deer to com-

pare with the histological findings, no concrete evidence relating to the

pathological effects of Sarcocystis in deer can be presented. However,

correlating a 68 percent infection rate with the fact that the majority
of these were shot by hunters who would hesitate at taking a deer that

was sick or in poor condition, it can be surmised that an infection of low

intensity has very litte effect on the general health of the deer.

Since deer is the major game mammal in California, approximately

52,000 having been reported taken, according to deer tag returns, during
the 1949 season, the transmissibility of Sarcocystis to man through the

ingestion of venison becomes a problem of practical importance. Further-

more, the majority of the human population also ingests pork, beef, and

mutton which are just as heavily, if not more, infected with Sarcocystis

as are the deer. Although it would be quite difficult to subject this prob-

lem to direct experimentation, a search through the literature shows

that the majority of the writers conclude that sarcosporidial infection

in man is rare.

SUMMARY

A total of 1,062 deer muscle samples, of which 877 were successfully

sectioned, was'collected from 40 of the 58 counties of California during

the course of study which extended from April 1, 1949, to March 31,

1950. Excluding 31 fawns, 68 percent of the yearlings and adults were

found to be positive for Sarcocystis. No difference in the rate of inci-

dence was observed for any particular region of the State.

Various skeletal muscles from adult deer including tongue, eye, neck,

diaphragm and thigh as well as heart were examined. Sarcocystis was

found to occur in all these locations.

Fawns were found to be negative for Sarcocystis for a period of two

or three months following their birth.

Samples were collected from 36 elk. Fifty-five percent were found to

be infected with Sarcocystis although the intensity of the infection was

very low as compared to the deer.

In addition to deer and elk, 73 antelope samples were collected and

sectioned. Although a careful search for Sarcocystis was made, not a

single cyst was found.
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TABLE 1

Tabulation of Deer Muscle Samples Collected



AN ANALYSIS OF SILVER SALMON COUNTS AT

BENBOW DAM, SOUTH FORK OF EEL

RIVER, CALIFORNIA
1

By GARTH I. MURPHY 2

Bureau of Fish Conservation, California Department of Fish and Game

INTRODUCTION

Each year the Bureau of Fish Conservation of the Department of Fish

and Game counts the salmon and steelhead which ascend the fishway at

Benbow Dam, on the South Fork of Eel River near Garberville, Hum-
boldt County. This long-range project was inaugurated by Messrs. A. C.

Taft and Leo Shapovalov, and the counts have been made annually since

the season of 1938-39. Summaries of the counts have been issued in

mimeographed form at yearly intervals. However, as with many similar

projects, it has been necessary to await the completion of several salmonid

cycles before detailed analyses of the data would prove fruitful. The first

of these analyses, a preliminary one of the counts at this and other sta-

tions for the counting seasons 1938-39 through 1949-50, has been pre-
sented in another paper (Murphy and Shapovalov, 1951).

In the present paper the counts of a single species, the silver salmon

(Oncorhynchus kisutch), are given in detail for the seasons 1938-39

through 1950-51. A method is given for calculating the absolute number
in each age class at the end of the first season of ocean life

;
for calculating

the percentage of each age class that returned as grilse (males with one

season in fresh water and one season in the ocean) ;
and for calculating

the percentage of mortality during the final year of life of the silver

salmon. In addition, an attempt is made to explain fluctuations in the

population by use of correlation analysis.

METHODS OF COUNTING

Counts are made of fish passing the fishway over Benbow Dam. A white

board 24 inches in length is placed on the wall separating two pools and

the fish either jump or swim over the board. An observer is stationed

about eight feet above and slightly downstream from the board. Counts

are made during daylight hours only.

Silver salmon are segregated as grilse, males, and females. All judged
to be 24 inches or less in length (by comparing them with the board) are

classed as grilse. Benbow Dam is located about 80 miles upstream from

the ocean, and by the time that the salmon have reached the dam they

have generally assumed most of their secondary sexual characteristics.

1 Submitted for publication June, 1951.
2 Now with U. S. Fish and Wildlife Service, P. O. F. I., Honolulu, T. H.
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TABLE 1

Silver Salmon Counts at Benbow Dam

Counting season
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TABLE 2

Calculated Statistics on Bentow Dam Silver Salmon
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This was probably due to misidenl ideation, although there is no substan-

tiating evidence. Referring to Table 2, the following correlations are

obtained :

1. Total n-1 population and percentage of survival during the last year
in the ocean. (r=—.426, p > 5 percent)

2. Survival in the last ocean year and percentage of males running as

grilse, (r = .682, p < 5 percent)
3. Total n-1 population and percentage of males running as grilse.

(r = -—.617, p < 5 percent)

The most likely appearing explanation of these correlations is mis-

classification of the adults at the counting station. For example, if in a

given year too many fish are counted as females, then the percentage

grilsing and the survival are too high and the n-1 population too low. If

the degree of inaccuracy varies from year to year, the three aforemen-

tioned correlations would result.

There is no reason to presume a systematic bias in the misclassification

of males and females from year to year, and if the errors are random,
their only effect will be to make the mortality rate and grilsing rate more
variable. The mean of the 12 sets of data may then very closely approxi-
mate the true mean over the 12 years. The arithmetic mean of the grilsing

rate is 18.0 percent and of the survival rate over the last year of life 35.6

percent.

Using the geometric mean of the survival rate during the last year in

the ocean (33.0 percent) as the best estimate of survival each year, the

n-1 population was recalculated, and from this the percentage of grilsing

recalculated for each year. The new grilsing percentages range from

9.4 to 22.7, with an arithmetic mean of 17.1 percent. This treatment, then,

has lessened the grilsing variability, believed due in part to misclassifica-

tion of the sexes. Or, paraphrased, since misclassification of sexes leads

to variation in calculated survival rates, and this in turn to variation in

calculated grilsing, utilizing a mean survival rate inherently introduces

a mean ratio of males to females, and results in what might be regarded
as an improvement in the estimate of variability of grilsing.

Another procedure is to utilize a constant rate of grilsing (17.1 per-

cent) and calculate a new set of n-1 population estimates by multiplying
the n-1 grilse by 1/.171. From these, new survival estimates can be calcu-

lated. This might be desirable if one assumed rate of grilsing was rela-

tively constant from year to year, with most or all of the variation due to

misclassification of the sexes. The new estimates of percentage of sur-

vival range from 24.9 to 59.2, with an arithmetic mean of 36.3.

It is obvious from the discussion above that the methods presented
offer the possibility of following a group of marked hatchery fish very

precisely. The number and sex ratio of the downstream migrants could

be known; the ocean mortality due to the fishery could be estimated

from the catch of marked fish
;
the size of the population after the first

season of ocean life and total survival and mortality during that year
could be calculated; and finally the nonfishimr mortality during the last

vear in the ocean could be calculated.
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FACTORS RESPONSIBLE FOR FLUCTUATIONS IN THE

SIZE OF THE POPULATION

The life history of the silver salmon can be divided into ocean and
fresh-water phases. The question might be asked, "What factors are

responsible for fluctuations in the runs?" One tool for exploring tins

question is correlation. If some factor that reason or ecological knowledge
leads us to believe can control the population is significantly correlated
with the measured population fluctuations, we can conclude that that
factor is responsible for part of the fluctuation in that particular popu-
lation at that particular population level.

In part due to lack of knowledge of the ocean ecology of silver salmon,
we cannot apply correlation analysis to the ocean phase of its life. Tin

fresh-water life is more susceptible to analysis. Such a study is handi-

capped by the limited number of years for which observations are avail-

able. A factor that does control the run to a moderate extent might give
a parameter correlation coefficient of only .40. Such a correlation would
not be significant at the 5 percent level unless 25 paired sets of observa-

tions were available. With only 13 seasons of records available for Ben-

bow Dam, we must either locate factors that are strongly eoiH rolling the

population or tentatively accept correlations that are not significant in

the statistical sense.

Other workers, such as McKernan, Johnson, and Hodges (1950 ), have
not had great success in locating factors significantly correlated with

the size of the runs. Part of their difficulty may have been due to inexad-

ness of their measure of abundance and spawning escapement (the com-

mercial catch). This does not apply to the Benbow Dam data.

We would expect to find the best correlations with fresh-water factors

by relating them to the numbers of downstream migrants. The next best

might be obtained from the numbers in the ocean after one season of life,

and the poorest by relating them to the spawning escapements. This is

obvious, since factors operating in the ocean are probably independent
of stream factors. Counts of downstream migrants are not available for

Benbow Dam. The other two measures are available, so both were related

to the factors being tested. Further, it was felt that if improvement in

the correlations resulted from using the calculated n-1 populations, it

would indicate reliability of the method and accuracy of the calculations

in Table 2. Four factors were selected for analysis because measure-

ments are available and because they could reasonably affect the relative

size of the population. No factors were studied and later rejected. These

factors are : number of eggs deposited, i.e., number of spawning females
;

total runoff during November and December (the spawning period) ;

total runoff during September (the critical low flow month) ;
and total

runoff during January and February.
The correlations obtained are given in Table 3. Flow data are from

the main Eel River at Scotia, but flows there are almost an exact reflection

of relative flows in the entire Eel River basin. Flows in November and

December, the principal spawning months, should operate by controlling

the amount of spawning beds available, by influencing the upstream

penetration of the fish, and by influencing the dispersal of the young fish
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TABLE 3

Correlations of Population Size and Various Factors

Factors related
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(Females were used to represent the n population or spawning escape-

ment, since they are unaffected by grilsing.) Though many of the correla-

tion coefficients are not significant, in each instance the r was improved
by using the calculated w-1 population instead of the n population (im-

proved in that the correlation changed in the direction indicated by prior

reasoning). For instance, the correlation involving January and Febru-

ary flows and the n population was .353; when the n-1 population was
used the r became —0.226. If the n-1 calculations are essentially correct

this might be expected, and if the figures in Table 2 do not represent the

populations at n-1, the observed improvement in the four sets of coeffi-

cients has a probability of occurring by chance of only 6 percent. This

line of reasoning, then, tends to lend confidence in the data shown in

Table 2, even though the calculated statistics are probably too variable.

SUMMARY

Silver salmon (Oncorhynchus kisutch) have been counted at Benbow

Dam, Humboldt County, California, from 1938 through 1950. During
each of the 12 seasons the fish were segregated as grilse (males with one

year in fresh water and one season in the ocean) and male and female

adults (fish with one year in fresh water and two seasons in the ocean).
Because a known number of fish of one sex (the grilse) are withdrawn
from the ocean population at the end of the first ocean season it was

possible to utilize the numerical sex differential in the three-year-old fish

to estimate the survival during any particular year class' last season in

the ocean by dividing the excess of females over males of any particular

counting season by the number of grilse counted during the previous
season.

This method was applied to each year class and from the survival the

absolute size of the n-1 population and the percentage of grilsing were

calculated.

The estimated survivals ranged from 15.8 to 56.9 percent, with a mean
of 35.6 percent. The best estimated grilsing rates ranged from 6.9 to 33.8

percent with a mean of 18 percent. Some of the variability in survival

and grilsing rates is believed to be due to inaccurate sex classification of

the adults.

By correlation analysis the effect of the following factors on the popu-

lation was studied: total egg deposition; runoff during the spawning
season

;
runoff during the late incubation and hatching season

;
and runoff

during the dry season. These four factors were related to both the

observed number of females and the calculated population at the end of

one ocean season for the same year class. Statistically significant correla-

tion coefficients were obtained for egg deposition and size of the popu-

lation after one ocean season and a multiple correlation of spawning
season runoff and egg deposition versus the population at the end of one

ocean season. Other correlation coefficients were not statistically signifi-

cant, but with few sets of data available only strong controlling factors

would be expected to show statistical significance.

In each instance the correlation coefficient was improved in the expected

direction when the calculated population after one ocean season was used

instead of the observed counts of females at the dam. This is in line with
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prior expectation, since mortality over the final season in the ocean should

be independent of stream factors. This observation lends credence to the

calculated populations at the end of one ocean year.
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AN ANNOTATED CHECK LIST OF THE

FISHES OF NEVADA 1

By IRA LA RIVERS

Biology Department, University of Nevada, Reno; and

T. J. TRELEASE
Division of Fisheries, Nevada Fish and Game Commission, Reno

These notes provide the first exhaustive list of Nevada fishes to appear
in print, and are intended as the basis for a more comprehensive report
on the fish fauna of the State. Progress has been made on the latter, bni

some time will pass before its completion. We have followed the outline

of Shapovalov and Dill (1950) for uniformity and have utilized their

proposed official common names in nearly all cases. A double asterisk (**)
has been used to indicate introduced species, while a single asterisk (*)
denotes native fishes which have been known to be planted in parts of

the State where they did not originally belong.
Without the work and interest of certain individuals, even so simple

a thing as the following list would not be possible of completion. Foremost

among these are Drs. Carl L. Hubbs and Robert R. Miller, who have
collected and studied the fishes of Nevada for many years, and who have
been responsible for producing a logical continuity from what was long
a fine ichthyological tangle. Particular thanks are due Dr. Miller for the

subsequent interest he has shown in our efforts to promote a better under-

standing of the fish fauna of the State. His many comments and notations

received in correspondence have solved many of our problems.

Cooperative efforts of the University of Nevada Museum of Biology
and the State Fish and Game Commission over the past several years
have resulted in innumerable additions to the Museum collection, to a

point where a comprehensive assemblage of Nevada fishes now exists here

for the first time.

CHECK LIST

Native Species and Established Exotic Species

Of the following 55 species. 21 are introduced.

Family Salmonidae. The Salmon and Trout Family.

1. Oncorhynchus tshawytscha (Walbaum). King Salmon.*

Formerly, at least, this species ascended the rivers Owyhee, Bruneau, Jar

bridge and Salmon in northeastern Nevada, tributaries to the Snake. Unsuc-

cessfully planted in west-central Nevada.

2. Oncorhynchus nerka (Walbaum). Red Salmon.**
2a. Oncorhynchus nerka kennerlyi (Suckley). Kokanee Red Salmon.**

This landlocked variety of the Red Salmon is currently being planted in

Lake Tahoe, Walker and Pyramid Lakes. It has maintained itself in the vi-

cinity of Tahoe for several years (Donner Lake), but its establishment in the

1 Submitted for publication March, 1951.

5—51086
(113)
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remnant lakes of Pleistocene Lake Lahontan in west-central Nevada is still

uncertain.

3. Salmo trutta Linne\ Brown Trout.**
3a. Salmo trutta fario Linne\ Brown Trout.**

Widely planted and established in the Lahontan drainage of western and
central NeVada. As the Truckce River, beginning at Lake Tahoe and ending
in Pyramid Lake, slowly changes from a fresh, sparkling, cold, mountain
cutthroat trout stream to a dammed-up, silted-up, warmed-up polluted stream,
the Brown Trout has become increasingly the most important game fish, in

spite of the fact that the Rainbow Trout has been most often planted there

over the years.
While both this variety and the Loch Leven Trout (S. trutta levenensis

Walker) have undoubtedly been planted in the State, hatchery practice has
mixed the two tovsuch an extent it is no longer practicable to attempt to

separate them. Miller and Alcorn (1945) nominally referred all Nevada
specimens known to them to S. t. fario.

4. Salmo clarki Richardson. Cutthroat Trout.
4a. Salmo clarki henshawi Gill & Jordan. Lahontan Cutthroat Trout.*
The form native to the Lahontan basin of Nevada. Now extinct in many

places where it was formerly abundant, such as Pyramid Lake. Mixed by
hatchery practice with other varieties, such as the Yellowstone cutthroat,
and with the rainbow. A population existing in Summit Lake, Humboldt
County, Nevada, may be the only pure strain of the Lahontan Cutthroat Trout
left—there is some evidence, meager as yet, that it may have been intro-

duced from Pyramid Lake many years ago by the Indians.

4b. Salmo clarki leinsi (Girard). Yellowstone Cutthroat Trout.**

Long a popular hatchery lish, this variety has been widely disseminated in

Nevada over a period of many years.

4c. Salmo clarki utah (Suckley). Utah Lake Cutthroat Trout.**
Like the preceding subspecies, S. c. utah probably does not exist in pure

strain in Nevada at the present time, since east-central Nevada, where it was
originally introduced from Utah Lake, has also been planted with the other

two varieties of S. clarki.

5. Salmo gairdneri Richardson. Rainbow Trout.**
5a. Salmo gairdneri irideus Gibbons. Southcoast Rainbow Trout.**

Without doubt, the rainbow has been the most popular and widely dissemi-

nated of hatchery trout—within our own State it has often been planted to

the exclusion of other trout, and in New Zealand and India, among other

countries, it now provides added zest to the sport of fishing. It hybridizes

readily with the cutthroat to the disadvantage of the latter, even in streams
where the cutthroat is the better adapted of the two species if either were
present alone. Hardly a Nevada stream exists which has not, at one time or

another, been planted with rainbow.

5b. Salmo gairdneri regalis Snyder. Royal Silver Rainbow Trout.

Described from the deep waters of Lake Tahoe, the Royal Silver has always
been rare, and now may be extinct.

5c. Salmo gairdneri smaragdus Snyder. Emerald Rainbow Trout.

Presumed to be the Pyramid Lake counterpart of the Royal Silver, this

variety is also seemingly extinct. If, as supposed, it spawned in the lake, its

loss must be attributed to other factors than those which killed off the river-

spawning Lahontan Cutthroat (i.e., inability to leave the lake for the annual

up-river spawning run due to low water and obstructions at the mouth of the

river). It is more likely that the Emerald Rainbow was a river spawner also

and died out for the same reasons as did the Lahontan Cutthroat. Those

species which can spawn in lakes, such as the Lahontan Tui Chub, Lahontan
Redside Shiner, three species of suckers and the introduced Sacramento Perch
and Carp, still maintain themselves in Pyramid Lake in large numbers.

G. Salvelinus fontinalis (Mitchill). Eastern Brook Trout.**
An early importation into Nevada, planted widely, regularly and success-

fully. Its adaptation to cold waters makes it an admirable species for high
mountain streams and lakes.
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7. Salvelinus malma (Walbaum). Dolly Varden Trout.
Occurred, at least originally, in some of the upper Snake River tributaries

in northeastern Nevada, and may have been planted sparingly in some north
ern sections of the State, but no reliable information is available at present.

8. Salvelinus namaycush (Walbaum).- Lake Trout.**
This large charr has long maintained itself successfully in Lake Tahoe,

where it has never been very popular and where it has borne the brunt of
blame for the reduction of the native cutthroat population. Probably misman
agement of spawning streams tributary to the lake lias been a much mure
important factor in reducing the cutthroal than have I a the presence and
habits of the Lake Trout.

!). Coregonus williamsoni Girard. Mountain Whitefish.
Native to Lahontan basin waters and the area north of Nevada. A rather

mediocre sport fish whose capabilities will be more and more appreciated by
the ever-increasing angler in a land of declining fishing waters.

Family Catostomidae. The Sucker Family.
10. Pantosteus lahontan Rutter. Lahontan Mountain-sucker.

A small species native to the Lahontan drainage. Interestingly enough, it

now occurs in some of the headwaters of the Feather River's North Fork.
west of the Sierra Nevada crest, and now has theoretic access to the Sacra-
mento drainage system (Rutter, 1908).

11. Pantosteus intermedins (Tanner). White River Mountain sucker.

Described from a restricted locale in southeastern Nevada
| Pahranagal

Valley (Alamo), Lincoln County], and known only from the type locality.

12. Colostomas tahoensis Gill & Jordan. Tahoe Sucker.
The commonest and one of the largest of the Lahontan suckers, this species

is one of the characteristic fishes of the Lahontan system, to which it is con

fined. Lacustrine specimens from Pyramid Lake grow to a length in excess of

two feet, and of late years, breeding schools of smaller individuals (12") have
been about the only fish capable of making spawning runs up the greatly
curtailed Truckee River. Snyder's C. arenarius, the Sandbar Sucker, of Pyra-
mid Lake, may not be distinct from C. tahoensis.

Kimsey (1950) has recently called attention to another instance of possible
stream capture in which several typical Lahontan species may have been

naturally diverted from the Lahontan system to the Sacramento system in the

Lake Tahoe area. Similarly involved are the species Richardsonius egregius
and Rhinichthys nubilus robustus.

13. Catostomus latipinnis Baird & Girard. Flannelmouth Sucker.
A member of the Colorado River system, formerly, at least, of some impor-

tance in the Indian fishing economy. Grows to a length of about two feet.

14. Catostomus macrocheilus Girard. Columbia Basin Sucker.

First recorded from the Snake River tributaries of northeastern Nevada by
Miller and Miller (1948) (see Oncorhynchus tshawytscha) . Partial to colder

watei-s, and once a staple food for the Indians of the region.

15. Catostomus columbianus (Eigenmann & Eigenmann) . Columbia River Sucker.

Only lately resurrected from the synonymy of Pantosteus jordani by Miller

and Miller (1948), this species occurs with C. macrocheilus.

16. Catostomus ardens Jordan & Gilbert. Utah Sucker.

Recorded from the Nevada tributaries of the Bonneville system of Utah.

17. Chasmistes cujus Cope. Cui-ui Sucker.

Native to Pyramid Lake, habitually running up the lower Truckee River in

large spawning schools in late spring-early summer. Formerly, at least, they

ascended the river through moderately swift water to a point some 35 miles

above the lake in spite of their relatively weak swimming powers. Interestingly

enough, no one has ever been able to identfy young Cui-ui in cither river or

lake sucker populations, and the adults are evidently deep water inhabitants

during all but the spawning season. For the past four years (1948-1951) , they

have been unable to enter the river because of insufficient inflow ; fortunately

for the species, which is a good food fish, taken by Indians and whites alike,

they will spawn in the lake when unable to go up-river.

2 Miller (1950) has reduced Cristivomer to subgeneric status.
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18. Xyrauchen lr.run us (Abbott). Razorback Sucker.
A largt -. grotesque, humpbacked species native to the Colorado River system.

Family Cyprinidae. The Carp Family (Minnow, Chub, Dace, Shiner
s etc.).

ID. Cyprinus carpio Linne*. Carp.
Distributed in Dearly every suitable water in Nevada, from the early days,

and very abundant in most places. Among other places, Pyramid Lake is

host to an immense population, some individuals of which exceed three feet in

length.

20. Carassius auratus (Linne) . Goldfish.**

This species has been turned loose in a few restricted areas of the State, and
seems to maintain itself, although not abundantly.

21. Orthodon microlepidotus (Ayres). Sacramento Blackfish.** 3

A specimen of this California species was identified by Dr. Robert R. Miller
from material collected by the writers in a small pond on the outskirts of Reno.
The pond contained "chub," Green Sunfish and Northern Black Bullheads,
and during the winter of 1948-1949 the weather was severe enough to winter-
kill everything except the catfish, which were safely buried in the mud. After

examining the "chub," Dr. Miller wrote that one specimen was an Orthodon
and the remainder were hybrids, presumably between Orthodon and Siphateles
bicolor obesus. He offered the tentative suggestion that Orthodon may have
gained access to the pond through fish rescue material sent up from the Sacra-
mento Valley. At any rate, this is the only known instance of such an intro-

duction, but the possibility exists that Orthodon microlepidotus is present in

other parts of the Truckee Meadows surrounding Reno.

22. Acrocheilus alutaceum Agassiz & Pickering.
4 Chiselmouth.

A rather small member of the Columbia River fauna, associated with
Ptychocheilus oregonense, Catostomus macrocheilus and C. columbianus.

23. Ptychocheilus oregonense (Richardson).
4 Columbia Squawfish.

A distinctive, pike-shaped member of the Columbia River system, being found
in the Snake River tributaries of northeastern Nevada.

24. Ptychocheilus lucius Girard. Colorado River Squawfish.
This species occurred, at least originally, in considerable numbers in the

Colorado River, and has the distinction of being the largest carp in the United
States, attaining lengths up to five feet, and weights up to 80 pounds. Because
of changes in those portions of the Colorado River adjoining Nevada, where
the river has become a reservoir, the large squawfish has become a rarity.

25. Gila robusta Baird & Girard. Bonytail Chub.
25a. Gila robusta robusta Baird & Girard. Tributary Bonytail Chub.
25b. Gila robusta elegans Baird & Girard. Colorado River Bonytail Chub.

These two varieties impinge only on extreme southern Nevada, where
G. r. robusta seems to be a form inhabiting smaller streams and tributaries of

the Colorado River, while G. r. elegans is a highly streamlined swift-water

species occurring in the main river channel. The so-called "Virgin River Bony-
tail Chub" (G. r. seminuda Cope & Yarrow) is probably best regarded as an
intergrade between robusta and elegans.

26. Gila jordani Tanner. Nevada Bonytail Chub.

Recently described (1950) from Pahranagat Valley (Alamo), Lincoln County,
and known only from the type locality, this chub is very close to G. robusta ;

it probably represents a segment of the original G. robusta population which
has been isolated in the midportion of Pleistocene White River, at one time

connected by a permanent flow of water to the Colorado River.

27. Gila atraria (Girard) . Utah Chub.*
A member of the Bonneville Basin fauna of Utah and extreme eastern

Nevada, this species has been planted in isolated waters around the periphery of

its natural range in east-central Nevada, in several valleys without connec-
tion to the Bonneville drainage proper (Miller and Alcorn, 1945) .

3 This is the "Greaser Blackfish" of the official California list. "We follow the official
American Fisheries Society listing of "Sacramento Blackfish" as being preferable
both by wider prior acceptance and by lacking some of the connotations of the
California name.

4 As pointed out by Miller in correspondence, A. alutaceus and P. oregonensis are ortho-
graphically incorrect, since both generic terms are neuter.
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28. Richardsonius egregius (Girard). Lahontan Redside Shiner.
A common bait minnow native to the Lahontan system, occurring in great

numbers in both streams and lakes, from the Sierra to the Nevada flatlands.

Some individuals in spawning colors, as observed by the ant Inns in the Reese
River (central Nevada), may be as resplendent as any lish in the State.

29. Richardsonius balteatus (Richardson). Northern Redside Shiner.

29a. Richardsonius balteatus hydrophlox (Cope). Bonneville Redside Shiner.

This variety of the Northern Redside Shiner lives in the Snake River system
above the falls, occurring in the Bonneville drainage and in the northeastern
Nevada streams tributary to the Snake (see Oncorhi/nchus tshaioytscha)

(Miller and Miller, 1948).
29b. Richardsonius balteatus: :balteatus x hydrophlox.
Among the material collected by Miller and Miller (1948) from the Snake

River tributaries in northeastern Nevada were specimens which Dr. Robert
R. Miller considers to be hybrids between the typical subspecies, R. b. balteatus,

and the Bonneville subspecies, R. b. hydrophlox.

30. Siphateles bicolor (Girard). Tui Chub.
30a. Siphateles bicolor obesus (Girard). Lahontan Tui Chub.*
The very common and widespread chub of the Lahontan system, occurring

in Pyramid Lake in large schools ; occasionally completely isolated in small

springs, such as the thriving population in Fish Springs, southeastern corner

of Honey Lake Valley, Washoe County. Snyder's Leucidius pectinifer, de-

scribed in 1918 from Pyramid Lake, has been reduced to a subspecies of

8. bicolor, of which it is considered to be the lacustrine form (Hubbs and

Miller, 1943). However, on the basis of recent data, we are convinced that

pectinifer has no valid standing as a taxonomic unit. Genetically, pectinifei

might be preserved to indicate tui chub with fine gill rakers (as Shapovalov
and Dill, 1950, have done), just as it might be feasible, under some circum-

stances, to so distinguish between people with blue eyes and people with brown

eyes. Chub with coarse gill rakers occur side-by-side with individuals with

fine gill rakers, contrary to Snyder's supposition that he could observe them

segregating in separate schools in the lake. Gill net sampling in Pyramid Lake

by the writers has resulted in catches of chubs with both types of gill rakers at

the same time and place, and there is no sexual correlation between raker dif-

ferences. Whether there are any differences in feeding habits between the two

types remain to be seen, but the above sampling, during the winter, showed

both to be mixed in the same schools and to be feeding on the bottom on the

same materials. It is possible that at other times of the year one form may
have an advantage over the other in being able to obtain more plankton from

the water, but at present, that is a dubious point.

31. Rhinichthys nubilus (Girard). Speckled Dace.

31a. Rhinichthys nubilus nubilus (Girard). Columbia Speckled Dace.

This variety occurs in the northeastern Nevada tributaries of the Columbia-

Snake system.
31b. Rhinichthys nubilus robustus (Rutter). Lahontan Speckled Dace.

This is the subspecies common to the Lahontan system, widely disseminated.

With Richardsonius and Siphateles, it constitutes the common bait minnow.

31c. Rhinichthys nubilus nevadensis Gilbert. Amargosa Speckled Dace.

Restricted to the Amargosa drainage system of southwestern Nevada and

the adjacent Death Valley region of California.

31d. Rhinichthys nubilus velifer Gilbert. White River Speckled Dace.

Described originally from Pahranagat Valley (Alamo) in southeastern

Nevada, and restricted to the relict White River system, which no longer has

any continuity.

32. Moapa coriacea Hubbs & Miller. Moa pa Dace.

An interesting relict warm water form, known only from the type locality

(Warm Springs, Clark County), and but recently described (1948) . Although

Warm Springs is directly connected to the Colorado River, being the head-

waters of the Moapa River, colder waters below the springs seem an effective

barrier to the species, completely isolating it.

33. Eremichthys acros Hubbs & Miller. Soldier Meadows Dace.

Another endemic warm water species, known only from its type locality m
southwestern Humboldt County, Nevada. Originally an affluent of Pleistocene

Lake Lahontan, the springs and stream of Soldier Meadows now he several
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hundred feel above Lahontan valley flom-s. completely isolated from neighbor-

ing streams. Associated with /•.'. acros are remnant populations of Rhinichthys

nubUus robustus and Catostomus tahoensis, while farther down the same

stream, in colder water, /.'. acros disappears and the shiner Richardsonius

egregius and the chub Siphateles bicolor obesus occur with Rhinichthys and

Catostomus.

34. Leptdomeda vittata Cope. White River Spinedace.
This seldom reported dace has been listed by Gilbert ilSi»3) from Pahra-

aagal Vallej (Alamo), Lincoln County, and this record has been much cited

by later authors. Tai r i 1936) discussed it from southwestern Utah.

35. Plagopterus argentissimus Cope. Woundfin.
Known from the Virgin River. Clark County.

Family Ameiuridae. The Catfish Family.**

36. Ictalurus lacustris (Walbaum). Channel Catfish.**

36a. Ictalurus lacustris punctatus (Rafinesque). Southern Channel Catfish.**

Planted in the Colorado River, and now common in the lower reaches of

the river.

.".7. Ictalurus catus (Linne) . White Catfish.**

Has been established in the vicinity of Fallon, Churchill County, but does

not seem to be particularly successful (Miller and Alcorn, 1945) .

38. Ameiurus nebulosus (Le Sueur) . Brown Bullhead.**

38a. A nn varus nebulosus nebulosus (Le Sueur) . Northern Brown Bullhead.**

One of the earliest introductions into the State, and now a very common
game fish in the Lahontan drainage. Miller and Alcorn (1945) also recorded

it from Pahranagat Valley (Alamo), Lincoln County.

39. Ameiurus melas (Rafinesque). Black Bullhead."*

39a. Ameiurus melas melas (Rafinesque). Northern Black Bullhead.**

Known from various parts of the Lahontan system, associated with

A. nebulosus. Introduced into the Reese River in 1942 (Miller and Alcorn,

1945).
39b. Ameiurus melas catulus (Girard). Southern Black Bullhead.**

Miller and Alcorn (1945) recorded this form from near Las Vegas, Clark

County. No other records of its occurrence in the State have been seen.

Family Cyprinodontidae. The Killifish Family.

40. Crenichthys baileyi (Gilbert) . White River Springfish.

A small thermal species confined to the remnants of Pleistocene White River

in southeastern Nevada.

41. Crenichthys nevadae Hubbs. Railroad Valley Springfish.
The counterpart of C. baileyi immediately to the west.

42. Empetrichthys merriami Gilbert. Ash Meadows Springfish.

Confined to Ash Meadows, Nye County, a portion of the Armagosa drainage

system of southwestern Nevada-southeastern California.

43. Empetrichthys latos Miller. Pahrump Springfish.

43a. Empetrichthys latos latos Miller. (Manse Ranch.)
43b. Empetrichthys latos pahrump .Miller. (Pahrump Ranch.)
43c. Empetrichthys latos concavus Miller. (Raycraft Ranch.)
The species occurs only in Pahrump Valley. Nye and Clark Counties ;

while

it is just a matter of a few miles dNtant from Ash Meadows. /.'. latos is

effectively isolated from the adjacent population of E. merriami and has been,

evidently, for some time.

44. Cyprinodon nevadensis Eigenmann & Eigenmann. Amargosa Pupfish.*
5

44a. Cyprinodon nevadensis mionectes Miller. Ash Meadows Amargosa Pup-
fish.

44b. Cyprinodon nevadensis pectoralis Miller. Ash Meadows Amargosa Pup-
fish.

This small species, native to the Amargosa drainage originating in south-

western Nevada and terminating in Death Valley, California, seldom exceeds

two inches in length and, like most of our cyprinodonts, is a warm water type.

s This is the "Nevada Pupfish" of the official California list. We prefer "Amargosa
Pupfish" as the more geographically suitable term.
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Robert R. Miller has subdivided tbe Amargosa region population into five sub-
species, of which only the above two Ash Meadows (Nye Countj I irarieties

belong on the Nevada list.

Miller and Alcorn (1945) have recorded an instance of the probable intro-
duction of the species into the Las Vegas area which, while not too distant
from the Amargosa basin is, nevertheless, in a different drainage system.

4."). Cyprinodon diabolis Wales 1930. Devil Pupfish.*
This tiny species, the smallest of the genus, lives only in the limestone

pothole, Devil's Hole, in Ash Meadows, Nye County, where the waters main-
tain a constant temperature of approximately 33°C. (92°F.). In the winter of

1946-47, the writers transferred some 75 specimens to a nearby warm spring
connected with the principal drainages of the valley (La Rivers, 1950b),
in an effort to provide some sanctuary for the unique species in the not then
remote contingency that tampering with the waters of Devil's Hole by local
interests would result in extermination of the species. Since C. diabolis was
in contact with C. neradensis in the new location, there is always the possi-
bility of failure to establish by reason of hybridization. No data are yet
available concerning' the outcome of the experiment, but cooperative plans
are underway by the Nevada Fish and Game Commission and the Uni-
versity of Nevada to plant the species in one of several suitable warm water
springs in west-central Nevada.

Family Poeciliidae. The Top-minnow Family.**

46. Gambusia affinis (Baird & Girard). Mosquitofish.**
46a. Gambusia affinis affinis (Baird & Girard). Western Mosquitofish.**

Widespread throughout the State in all suitable waters, warm and cold.

Some of the largest specimens seen were from the cold waters of the Virgin
River in extreme southern Nevada. In warm, near-stagnant waters such as

Wally Hot Springs (Genoa), Douglas County, they can become extremely
abundant and are then usually much infected with fungus and other diseases.

Family Percidae. The Perch Family.**

47. Perca flavescens (Mitchill). Yellow Perch.**
Has been established in restricted areas in west-central Nevada.

Family Centrarchidae. The Sunfish Family.**
48. Micropterus dolomieu Lacepede. Smallmouth Black Bass.** G

48a. Micropterus dolomieu dolomieu Lacepede. Northern Smallmouth Black
Bass.**

There have been several known introductions of this black bass into Nevada,
some from the early days, but according to Miller and Alcorn (1945), most
of these were unsuccessful, and the species seems to be well established only
in Lake Mead in southern Nevada.

49. Micropterus sahnoides (Lacepede). Largemouth Black Bass.**
An early importation, the largemouth is common to suitable waters over

the State from Lake Mead to the Ruby Marshes and west-central Nevada.
The Ruby Marsh locality, first planted in the early 1930's (Trelease, 1948),
became for a time an excellent black bass water, but no forage fish wrere

planted with the black bass and overpopulation soon reduced their unit size.

During the severe winter of 1948-1949, winter kill nearly eliminated the fish

population, giving the needed opportunity to introduce forage fish, the out-

come of which is not yet evident.

50. Lepomis ci/anellus Rafinesque. Green Sunfish.**

Miller and Alcorn (1945) could list but one instance of the importation of

this species into the State, but the Green Sunfish is rather widely distributed

in west-central and southern Nevada. In the Truckee Meadows (Reno) region,
the species is common in many ponds, where it is often mistaken for Bluegill.

We suggest the collective term "blackbass" for the same reasons "sunfish, pupfish.
whitefish, catfish, blackfish," etc., are in general usage. The word "bass" has been
used so loosely as to have little definitive meaning as such.



120 CALIFORNIA FISH AND GAME

51. Lepomis maerochirus Rafinesque. Bluegill.**
51a. Lepomis maerochirus maerochirus Rafinesque. Common Bluegill.**

This animal has been planted in various parts of Nevada, on several different

occasions, but seems common now only in Lake Mead, Clark County.

52. Archoplites interruptus (Girard). Sacramento Perch.**

This species shares honors with the bullheads as one of the earliest game
fish introductions. For a good many years it has supported a substantial sport

fishery in Walker Lake, Mineral County. It also occurs in most suitable ponds
and reservoirs in west-central Nevada, as well as in Pyramid Lake; lack of

fishing in the latter since the decline there of the Cutthroat Trout makes the

status of the Sacramento Perch as a game fish unknown at present.

53. Pomoxis annularis Rafinesque. White Crappie.**
At this writing (1951) , there is but one known importation of this species :

200 two-and-a-half inch fish from a Georgia hatchery were planted in Fish

Creek Springs, 25 miles south of Eureka, Eureka County, in March of 1950,

and it is somewhat early to judge the effectiveness of the experiment.

54. Pomoxis nigromaculatus (Le Sueur). Black Crappie.**
Several implantations of Black Crappie have been made in west-central

and southern Nevada in the last 25 years, but the species appears to be

common, at the present time, only in Lake Mead, Clark County.

Family Cottidae. The Sculpin Family

55. Coitus bairdi Girard. Mottled Sculpin.
55a. Cottus bairdi beldingi Eigenmann & Eigenmann. 7 Smooth Mottled

Sculpin.
A characteristic native of the upper, cooler reaches of all major streams of

the Lahontan system, as well as areas to the north of Nevada.

SUPPLEMENTARY LIST

Exotic Species—Unsuccessfully Introduced

The following list is concerned with those species which have been

unsuccessfully planted in the State. Miller and Alcorn (1945) have pre-

viously summarized most of these data.

Family Salmonidae. The Salmon and Trout Family.

1. Oncorhynchu8 keta (Walbaum). Chum Salmon.**

Widely planted in west-central Nevada in 1939, but none are known to have

survived (as would be expected).

2. Oncorhynchus kisutch (Walbaum). Silver Salmon.**
Planted in the Carson and Truckee rivers in 1913.

3. Oncorhynchus nerka (Walbaum) . Red Salmon.**
3a. Oncorhynchus nerka nerka (Walbaum).**
According to the Nevada Fish and Game Commission Biennial Reports for

the years 1936, 1938 and 1941. several attempts, evidently unsuccessful, were

made to establish "Oncorhynchus nerka," the "Sockeye Salmon," in west-

central Nevada. It is presumed that these were the anadromous form.

4. Salmo salar Linne. Atlantic Salmon.**
4a. Salmo salar sebago Girard. Landlocked Atlantic Salmon.**
An early introduction into Lake Tahoe and the Carson and Truckee rivers

(1880's), where they were reported a temporary source of good fishing.

5. Salmo clarki Richardson. Cutthroat Trout.**
5a. Salmo clarki stomias Cope. Greenback Cutthroat Trout.**

Planted in 1S92-1893 in the Humboldt River near Elko, presumably from a

Federal hatchery in Colorado. If any of the strain survived, mixture with

other subspecies of cutthroats soon obliterated its characteristics.

This has long been considered the species C. beldingi, and is still so regarded by some
taxonomists. We are used to using- the name specifically, but since the group is a
plastic one whose entities are difficult to separate, the differences in treatment do
not seem important.
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G. Salmo gairdneri Richardson. Rainbow Trout.**
6a. Salmo gairdneri gairdneri Richardson. Northcoasl Rainbow Trout.***

Presumably brought into the State in the early 1900's, as "steelhead" trout,

but unknown here at the present time.

7. Salmo aguabonita Jordan. Golden Trout.**
1918-1919 plants were made in the Lake Tahoe region, bu< ao survivals arc

known.

8. Coregonus clupeaformis (Mitchill). Lake Whitefish.**

8a. Coregonus clupeaformis clupeaformis (Mitchill). Greal Lakes Whitefish.**

First brought into Lake Tahoe in the 1870's from Lake Michigan spawn,
and later introduced into the Eureka area of central Nevada.

Family Thymallidae. The Grayling Family.**

9. Thymallus signifer (Richardson). Arctic Grayling.**
9a. Thymallus signifer tricolor Cope. American Arctic Grayling.**

Introduced into Ruby Valley, Elko County, within the past ten years, and

probably previously into the Lake Tahoe region. The junior author planted

some 500 fingerlings in Kings Canyon near Carson City, Ormsby County, in

1948, but none are known to have survived.

Family Clupeidae. The Herring Family.**

10. Alosa sapidissima (Wilson). American Shad.**

An early plant made in the mid-1880's in the Colorado River near Nevada

was not successful.

Family Cyprinidae. The Carp Family.**

11. Tinea tinea (Linne). Tench.**

A shipment was sent to a Virginia City ( Storey County i applicant in 1885.
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RECENT CHANGES IN PURSE SEINE GEAR
IN CALIFORNIA'

By ANITA E. DAUGHERTY
Bureau of Marine Fisheries, California Department of Fish and Game

The following notes are based on personal observation in the San Pedro
region from October, 1942, onward, and from information supplied by
fishermen and others connected with the industry. It is an attempt to put
on record the most important changes in seine fishing gear or seiner

equipment in the last 10 or 15 years, or in a few cases even older changes.
The date of first use of each of these features, its rate of spread, and its

present status in the fishery is given as far as these facts are known.
There is possibility of error in some of this information, for example in

dates and boat names, but I do not think any of the facts are too far from
the truth, and it seems desirable to get them in print. "At present" as

used in the text means the spring of 1951.

BOAT AND NET TYPES

Boats built within about the last seven years have tended to be of two

types, both perhaps a response to scarcity of sardines or to limited can-

nery demand in some seasons. One type has been the "baby purse seiner,
' '

around 50 feet in length, using a net of typical purse seine construction

and handled exactly as is the larger purse seine except that there is no
turntable. A boat like this, representing a smaller investment and with

only about eight crew members, can operate profitably when fishing is

not too good or cannery limits are low, and may even share out better

than the larger boats. The Nyna Rose, 47 feet registered length, is typical
of these boats

;
it was built in the summer of 1944, and was one of the first

of the new group of such boats fishing in the Los Angeles region.

During approximately the same time interval, a number of very large

seiners, 80 feet and over in registered length, have been built for fishing

tuna part or all of the year. Their large size and brine tanks equip them
for going farther afield and making longer trips.

In the early 1940 's, to about 1947, there were approximately 20 seiners

in the Los Angeles region using ringnets (often loosely referred to in

Southern California as a "lampara" or "half-ring"). These were fair-

sized boats, 62 to 72 feet in registered length. The net was an evolutionary

development of the lampara, much increased in size, with purse rings the

length of the net, and hung nearly straight but retaining the bag location

in the middle of the net. It had the advantage of being a somewhat lighter

weight and less expensive net, and of being worked more rapidly than

a purse seine. It had the disadvantage of requiring a larger crew, of

involving more back-breaking work, and of not being workable under

1 Submitted for publication May, 1951.
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as great a variety of weather conditions. One by one, these boats began
changing to purse seine nets for the summer tuna fishing, followed the
next sardine season, or two or three seasons later, by purse seine nets
for sardine fishing. In the 1049-50 season, there were only nine of these
nets left

;
in 1 950-51, only five.

NET PRESERVATION

In San Pedro, initial tarring of the net, followed by weekly or bi-

monthly treatment with bluestone (copper sulphate) and salt, has become
the principal method of treatment for sardine nets. For tuna nets, in
southern waters, tarring is followed by simply washing in salt water.

Tanning is used very little at present. The five seasons 1942-43 through
1946-47, for example, saw the complete or almost complete shift of the

approximately 20 ringnet boats from tanning to tarring. This is a re-

versal of the trend reported by Tibby (1936) who at that time reported
a growing shift from tarring to tanning.

In Monterey, nets are tarred initially, but subsequent treatment in

many cases still consists of tanning rather than bluestoning.
Several types of tar are used. One is a coal-tar mixed with creosote,

which is used cold. Another, used by most, is Seattle tar mixed with

creosote, which is used hot
;

it is comparatively quick drying. Another
is pine tar, used hot

;
it takes 50 days or more to dry, but is used by some

because they believe it leaves the net softer.

Several brands of copper net-dipping preparations have been tried.

While these have been used for some time on shark nets and others in the

north, the first I saw on a seine net was in April, 1947, on the Yankee
Cupper. This type of preservative completely replaces tar and other

preservatives, when used. Some boats have found it satisfactory but most
have not.

CORKS

Formerly, the top of the net was floated almost entirely by real

(Spanish or Portuguese) corks, pins a few large rubber floats. Increase
in price of corks during World War II led to other types of floats being
tried. Rubber and plastic floats, of about the same size and shape as the

cork, were used, but neither of them very extensively. More popular has
been the "black cork," made of a tar and carbon mixture, first manu-
factured for use on life rafts during the war. These, while much more
brittle and apt to chip than cork, are still fairly durable. At present, some
nets use all cork, others use combinations of cork with carbon, often

placing the former at the ends of each group to provide padding : say,
one or two cork, eight or nine carbon, and one or two cork; two cork,
four carbon, and two cork

;
or some other such combination. In July, 1947,

the carbon floats were selling for 6 or 7 cents apiece as compared with
about 35 cents for cork. At present, the carbon floats have become scarce

(and it is believed will be unavailable in the future) and are selling for
12 cents, while corks cost from 25 to 35 cents.

Newest are football-shaped floats of hard red sponge rubber, first used

by the Liberator, Betsy Ross, Sea Rover, and several other boats on their

tuna nets in the spring of 1951. These are said to be very durable and
to have four times the buoyancy of Spanish corks and six or seven
times that of the black corks. They are expensive, however, selling for

.+ 1.10 apiece, and their relative value has yet to be proven.
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CORK PURSE LINE

Tibby (1936) records the cork purs,, line as originating in about L933,and predicts its eventual spread to the resl of the purse seines. This has
come about; all now have it. It consists of small rings a leu- the corkline,
one about every two to four fathoms in a sardine int. and two to three
fathoms in a tuna net, Through these a series of ropes is strung. For the
first few years, the rings were strung during each set

;
since perhaps

1938, the ropes, now a series of about 10 in number on a sardine ne1 and
12 to 15 on a tuna net, are a permanent part of the net. Before the pursing
of the bottom of the net has been completed, pursing of the corkline has
been begun, bunching the corks up so thai the corkline can be attached
to the skiff, thus keeping it from being pulled under by the fish and also

keeping the net where it is less likely to drift under the boat. On a sardine
net, about four groups of corks are bunched up with the use of a power
niggerhead in the bow, four more from the skiff I with the aid of the skill'

niggerhead if there is one), and two more from the stern, which may be
done on a tiny niggerhead on the stern but much more often by hand-

pulling or by making use of the niggerhead on the main winch.

STEEL CABLE PURSE LINES

The first use of steel cable as a purse line was by Jack Berntsen on the

Mabel, in 1927. He had seen it used while visiting in Norway. This was
followed by the Yukon in about 1928. Then three or four of the large
boats tried it but did not know how to use it correctly, and abandoned it.

Later, the skipper of an Alaska herring boat learned from Berntsen how
to use it, and put it on his boat in about 1931-1932. This was successful

and spread in the North, and eventually worked back into California.

AVithin the last 10 years, galvanized steel cable has come to replace rope
for purse lines on almost all seiners, at least those 60 feet and longer.
It has the advantage of being stronger than rope. Also, it can be braked

as it goes off the drum, making it possible to set the net at an angle in the

water, with the leadline considerably shorter than the corkline. This is

desirable when fish are likely to sound and try to go under the net par-

ticularly with tuna), or when the net is set in shallow water, in which

case it reduces its tendency to roll.

CHAIN LEADLINES

The first skipper to use steel chain in place of leads strung on a rope

was Joe Vilicich on the Marauder, who put it on his sardine net in the

fall of 1946. The Courageous put one on shortly afterwards, and the

Golden West was third. Both the Marauder and the < ;<>u>i:\ West also

had chain bridles. The Vashon and Western Fisher put chain leadlines

on their tuna nets in the spring of 19 17. and one or two other boats may
have had them by the following September. As the greater strength and

longer life of the chain became apparent, as well as the greater ease in

hanging a net with it, other fishermen began changing. The greater

initial cost, and particularly the fact that the fishermen already have

leads on hand, has caused a little delay in the fleet's changing over, but

present indications are that within several years most of the boats will

have chain leadlines. At present, some have chain bridles and some retain

rope.
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THE "STICK"

Some sort of pole or outrigger, used to hold the skiff away from the

boat and the net open during a set, has been used for many years by
seiners. However, in its present form, permanently attached by a hinge,
it was first used by Marion Spanjol, fishing on the Wanderer at San
Francisco in the 1932-33 sardine season, and immediately after that by
Pete Dragich on the Sea Ranger. It proved its usefulness so quickly that

the next season almost every boat was using one. The stick consists

usually of a long peeled trunk of eucalyptus or some other tree, carried

lashed against the rigging on the port side of the boat
;
it is permanently

attached at the bottom, but moves on this attachment so that it can be

lowered. It may be brought into use early in a set, as soon as the corks

are bunched
;
or not until just before brailing. In either case, the skiff

lies on the opposite side of the net from the boat, with the bunched-up
sections of corkline tied along its side. The stick is lowered so that it lies

across the skiff, with the end projecting on the far side
;
it is lashed loosely

to it. This not only reduces the chance of the corkline being pulled under
and the skiff perhaps turned over if the fish should sound, but it helps

keep the skiff at a fixed distance from the boat and the bag open so the
fish are not crowded.

In sardine or mackerel fishing, the stick is used by some seiners for

catches of 20 tons and up, but by most not until they have much more

(unless they are working in rough weather). The news, broadcast over

the radio, that a boat in set was seen with its stick out, is taken as an
indication that it had a pretty good catch. In tuna fishing, the stick may
be used by one fisherman for all sets, by others for catches of 20 to 40
tons and up ;

in general, it is used for much smaller amounts than in

sardine or mackerel fishing.

THE ZIPPER

The zipper is a device consisting of a vertical series of galvanized steel

rings extending the depth of a purse seine net, in the center, with a rope

running through them. This facilitates what is known as "making a

cut," that is, dividing the net into two parts or "bags" when a large

school of sardines or mackerel has been surrounded. Zippers are believed

to have been first used at Monterey ;
in the San Pedro region, the Costa

Rica II was one of the first to use it, in 1931. Almost all sardine nets now
have a zipper.

Only a small minority of tuna nets are so equipped. The greater strain

placed on the net by a school of tuna often makes it desirable to make

many cuts, at intervals along the net. Each of these is made by picking

up the meshes by hand, in as straight a vertical line as possible. Cuts may
be made in handling even a small school of tuna. One seiner, the Golden

West, has three bag areas of heavier twine and smaller mesh in its tuna

net, and marks the location for making cuts by hand with white string.

Another, the Defiance, has five bag areas of new webbing, similarly

marked. Where a tuna net does have a zipper (or rarely two of them), it

is often with the idea of using it quickly, to pen off porpoise from the

main body of the tuna school.
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DRAGGER WINCHES

A number of boats, in the last few years, have installed Northern Drag-
ger, Northern Seiner, or other double drum trawl-type winches. The
first of the California fleet to have this type of winch was the Fisher
Lassie, launched in July of 1944

;
this boat was also used part time for

dragging. It was followed by the North American
;
Marauder (observed

1945-46 sardine season) ;
Rio del Mar (observed 1946-47 sardine sea-

son) ;
and gradually by other boats.

While much more expensive than the older type of winch, this type
requires much less physical effort on the part of the winchman, and
winds up and holds the purse cable, thereby eliminating drums in other

places. Also, it is claimed that there is a saving on cable, as there is less

strain and less tendency to kink than when the cable has to be wound
around the niggerhead in bringing it in.

On the other hand, it is claimed that the winchman is more aware of

any undue strain when using the older type winch, which may indicate,
for example, that the net is caught and apt to rip.

BRINE TANKS

The seiners which go south for tuna have for some years been install-

ing freezing coils in their holds at the start of the tuna season and (in
most cases at least) taking them out again at the start of the sardine

season. They also take crushed ice in the hold
;
the freezing coils help

keep this from melting and crystallizing, and thus make possible longer

trips. The fish when caught have to be stowed in bins in the hold, with

alternate layers of fish and crushed ice. This is a hard and time-consum-

ing job, particularly when following the many hours which a large tuna
haul may take. Now, the larger seiners are all being built with brine

tanks, and in many cases tanks are being installed in older boats. Most
have from two to six tanks, in addition to a central hold area with freez-

ing coils. A very few large all-year tuna boats have brine tanks only, and
in that case may have as many as 8 or 10. Capacity runs from about 10

to 20 tons of fish per tank, and varies with the size of fish as well as size

of tank. The first record I have of brine tanks on purse seiners is on two
boats built in 1944, the Ronnie M and Delores M with two tanks each.

The Spartan (Fish and Game No. 5240) was all-brine sometime before

August, 1945.

The brine tanks make stowage of the fish much easier and more rapid,

and make it possible to keep them longer and in better condition. The

tanks may be used to carry water or fuel during the earlier part of a trip.

In sardine season, they may be used to hold overlimit fish for a day or so,

or to hold over a small catch when a boat is fishing far from port. They

may be filled with water to bring down the stern in order to make the

boat ride better under certain conditions.
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DEPTH SOUNDERS

I >n<> of llu' most rapid developments in seine fishing in recent years, and

undoubtedly the most important, has been the introduction of depth-

sounding equipment. The Fathometer, manufactured by Submarine

Signal Company, was first used on a fishing boat on the east coast in 1929,
on the west coast in 1 932. Both the boats, I believe, were trawlers, although
some of the tuna bait boats, beginning with the Chicken of the Sea, also

had them in the early 1930 's. The first installations on California seiners

were made on the Konnie M and the General MacArthur, in or by the

fall of 1944. By December, 1945, at least 12 more seiners had them. Within
*j 7 7

two or three years after that, it could probably be said that every seiner

in the fleet (except possibly a few of the small ones) had some kind of a

depth-sounder ;
that is certainly the case at present.

Depth-sounders have proven valuable for general navigation purposes,

adding to the safetj^ of the vessels while traveling in fog or in strange
waters

;
have enabled boats to scout for fish on foggy nights which might

otherwise have kept them tied up or have prevented them from working
close to shore

;
and have been particularly valuable in locating fish. They

are used both in locating schools of fish which would not be seen at all,

and in giving additional evidence as to the extent, depth, and thickness

of schools which are located by sight. Some boats keep their depth-
sounders running constantly while they are on possible fishing grounds ;

others turn them on only when a school is spotted or when a near-by boat

makes a set. The most common type is one such as the Fathometer which
has a flashing red light. A few boats have recording depth-sounders, such
as the Bendix Depth Recorder.

RADAR

Three seiners have radar sets at present : the Marsha Ann, Stranger,
and Anthony M. There does not seem to be any great interest in radar on
the part of most of the fleet operators, due chiefly to the high cost. Prices

for new sets installed are about $6,000 for a small set (with a 20-mile

range) and $10,500 for a larger one.

RADIO-TELEPHONES

Radio sending and receiving sets for talking with other boats have been

used in the Seattle region on seiners since 1933 or before. They must have

been introduced in Monterey about the same time or shortly afterwards,
as the first trial ship-to-shore communication was made there from the

Western Maid in 1934. In the San Pedro region, the first was installed

by Steve Gargas on the Costa Rica II in 1935 or 1936, followed very

shortly by the Blue Sky, Liberty Bell, Vagabond, Spartan (Fish
and Game No. 1296), Arkansas, and a number of others. Ship-to-shore
communication was available immediately, having already been used by
other types of vessels.

MOTOR SKIFFS

The first seiners to have skiffs with motors in them were the Bonnie M
and the Delores M, in 1944

; they were followed shortly by the Pride of

America, which had used a motor boat as supplement to its skiff during
the previous season's fishing, and in 1945 by the City of Los Angeles.
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By July, 1947, at least 13 more boals had motor skill's. By the \\ inter of

1949-50, they were observed on at least 35 of the 165 boats delivering
sardines or tuna in the Hueneme or Los Angeles regions ;

this figure prob-
ably includes most of the California seiners having this feature. In the
winter of 1950-51, motor skiffs were observed on at least 46 of the 232
seiners delivering sardines in the Hueneme or Los Angeles regions (out
of 239 seiners fishing in the entire State), and in addition were probably
present on all of the 12 seiners delivering tuna only. All tbe above

figures refer only to the larger seiners, 60 feet and up in length. The extra
skiff size and weight involved would probably make a motor skiff imprac-
tical on boats smaller than this

;
the smallest boat 1 have seen using one is

a boat 62 feet in registered length.
The motor skiff is extremely useful in many ways. II is used to gel t<>

the open area opposite the tow line and patrol back and forth to keep the

fish from getting out until the gap can be closed. This would occur when
a very big circle has been made to get around a school of fish, and is

particularly apt to happen when fishing tuna. It is used to get around the

net more quickly when bunching up the corks (a small ni<r<>erhead in-

stalled in the skiff and run from the motor assists in this) . It is used as a

tug in moving the seiner when in set—when heading the wrong direction

in relation to the swells, drifting over the net. drifting on the beach, or

in the many other emergencies which may arise. It is used to keep two
boats apart when one is giving fish to the other: It is used in taking men
ashore when the boat has to anchor a distance off. In many such ways, it

more than justifies its expense—about $3,800 for a small motor skiff up
to $5,000 or $6,000 for a large one, at present

—and this is particularly
true when something goes wrong in a set.

At least two all-year tuna seiners, at present, carry small boats with

inboard motors in addition to the big motor skiffs. The Defiance uses one

in place of the customary second small nonpowered skiff; the Columbia

uses both.
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THE 1951 SHARK DERBY AT ELKHORN SLOUGH, CALIFORNIA

On May 20, 1951, soon after the starting hour of 7 a.m., 237 fishermen
had registered at the Moss Landing Committee stand for the Elkhorn
Slough Shark Derby. This annual event is sponsored by the Pajaro Valley
Rod and Gun Club of Watsonville. By the 1 o'clock closing time 61 speci-
mens representing three species of sharks and rays had been brought to

the judging stand. They were as follows :
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Francisco Bay. During the 1948, 1949, and 1950 derbies the largest speci-
mens caught weighed 40, 58, and 45 pounds respectively. In 1950 this was
based on a total catch of 89 bat stingrays. The difference in weights in

the bat stingrays from the two localities is quite remarkable. Whether
this is caused by temperature and depth differences or whether it is due
in San Francisco Bay to large bat stingrays not taking the hook (suggested

by some experienced fishermen), remains to be determined. Certainly
none of these weights approaches the 150-pound maximum reported for

this species.
Data on the Elkhorn Slough Shark Derby were taken by the junior

author assisted by Mr. Albert Kazum.—Earl S. Herald and Robert P.

Dempster, Steinhart Aquarium, California Academy of Sciences, San
Francisco, August, 1951.

.

GOLDEN DOVER SOLE TAKEN AT EUREKA

A Dover sole {Microstomus pacificus) having the eyed side bright
golden color was recently taken by the drag boat MacArthur of the

Eureka trawler fleet. Through the courtesy of the skipper, Glenn Alley,
and Kay Hamblock, manager of the Balestrieri Fish Company, this fish

was turned over to the Marine Fisheries Laboratory at Eureka.
The color of a Dover's ocular side is usually a uniform light brown,

occasionally with lighter or darker blotches. The upper side of this speci-

men was almost a complete uniform bright gold. The shoulder area had a

small dark blotch as did the tip of the pectoral and caudal fins. Poste-

riorally at the base of the dorsal and anal fins were a few small dark
blotches. Norman (1934, A Systematic Monograph of the Flatfishes)
refers to this golden coloration as

' ' xanthocroism ' '— a condition in which

only the orange and red pigments develop. Norman found this condition

rare among flatfishes.

This fish was taken on July 27, 1951, in 80 to 85 fathoms northwest of

Trinidad off Bedding Bock. The total length was 558 mm. and the weight
was 3.2 pounds. The specimen was a female with ovaries in a dormant
condition.— Ralph B. McCormick and Wayne J. Baldwin, Bureau of
Marine Fisheries, California Department of Fish and Game, August,
1951.

PACKAGED "SILVER SMELT"

During the summer of 1951, many tons of smelt were packaged at

several plants along the Northern California coast for freezing and sale

in the fresh fish trade. Catches were made at various places, but primarily
in the vicinity of the mouths of the Noyo and Russian Rivers. These fishes,

variously called surf smelt, whitebait or night fish, are true smelts with
a small adipose dorsal fin, members of the family Osmeridae. The species
was not determined. The fish were caught in the surf on sandy beaches

during the spawning run. The net used was a copy of the Indian gear—
a triangular dip net about seven feet on a side. The smelts were beheaded,
intestines removed and the fish were packed in flat, oblong, waxed
paper, one pound containers that looked like butter cartons. Stamped
on the box was the pleasing name "silver smelt." The packaging of smelts
is said to have been given an impetus in 1950 when the smelt run of
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Washington was less than normal. The pack was said to have been in

demand and found ready sale in the markets.
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IN MEMORIAM
PAUL BONNOT

Paul Bonnot died very suddenly on August 1, 1951, at Bodega Bay. At
the time, Mr. Bonnot was engaged in an abalone survey of the Northern
California coast, and had recently commissioned a fully-equipped diving
boat with which he was pursuing the study.

Following graduation from Stanford University in 1923, Mr. Bonnot
first joined the Fish and Game Commission in 1925 as a warden. He soon
transferred to biological work and followed this field as a marine biologist
for the Bureau of Marine Fisheries until the time of his death.

Mr. Bonnot 's active career was noteworthy for the variety of subjects

encompassed. His research on oysters led directly to the development
of the oyster industry of Morro, Drakes, Tomales, and other California

bays. His most intensive work was on the abalone fishery, and most of

our knowledge of this valuable mollusk has come from his research. In
the course of the abalone work, Paul probably did more deep sea diving
than any other biologist. The extent of his other shellfish work is reflected

in numerous publications on shrimps, clams, and mussels. He also con-

ducted research on marine algae, which included underwater observa-

tions of the agar resource.

It seems a far cry from shellfish to marine mammals, but Mr. Bonnot
was also an authority on sea lions and seals. His research in this field

included numerous counts of the animals on the rookeries. During an
aerial census several years ago, a Navy blimp crashed at sea and Paul and
his companions spent over an hour in the icy waters off Cape Mendocino
before their rescue by the lightship crew.

Paul's enthusiastic attitude toward his work was expressed in a con-

versation with his wife a few weeks before his death, when he said, "If
I had my life to live over again, I would choose exactly the job I have."
The sincere sympathies of all who shared Paul's work on behalf of

California's fish and game resources are extended to Mrs. Bonnot and
his family.

—Richard S. Croker, Chief, Bureau of Marine Fisheries.
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REVIEWS
Water—Or Your Life

By Arthur H. Carhart; J. B. Lippincotl Company, Philadelphia and New Sorb
1951 ; 312 p. $3.50.

Water—Or Your Life is one of the most revealing books on the suhjed of use and
misuse of water that has come to the attention of those interested in conservation of
our natural resources. Mr. Carhart has focused attention in a mosi forceful manner on
the quantities of water available for use by humanity in America and on the present rate
of consumption of our ground-water stores which have been considered us unlimited
heretofore but which are receding at an alarming rate from our underground storage
reservoirs. This is a book that should be read by all who are interested in the use and
conservation of this indispensable resource.

In the foreword written by Jay N. Darling, high tribute is paid the author for the
manner in which he has handled the data resulting from his research on the subject. He
states, "With commendable restraint and tolerant recognition of the conflicting interests

involved, the author has brought together an amazing assemblage of factors from right
under our noses and interpreted them in terms of their mass impact on our individual
welfare and continental prosperity."
The chapter headings are interesting and intriguing and make the reader want to

begin to read the book immediately. Early in the book the author shows the reader that

our water resources are not inexhaustible and calls attention to what happened to

ancient culture in Arizona as a result of the disappearance of water. He further dis-

cusses results of overuse and misuse of water in other parts of the world and shows from
examples of inadequate planning in China that a nation cannot long live without water.

In a fascinating chapter entitled "Your Life Depends on It," the author presents a

picture of the manifold uses of water for human need and the enormous quantities

necessary to take care of the bare requirements of life. He points out that the individual

share of water for each person on a national average basis is between 900 and 1,300
gallons per day per person. With an estimated population of well over 150,000,000
people the amount of water consumed by humanity in America is astounding. In another

interesting chapter entitled "Our Daily Bread," the author discusses the quantity of

water needed merely to produce the food which comes to our tables to sustain us. The
figures run into billions on billions of gallons.
Most of our large industries use water pumped from wells rather than surface

supplies because nature has all ready filtered, cooled, and stored well water in under-

ground reservoirs free from contaminating influences that beset most rivers and ponds,
but the rate at which ground water is withdrawn from these reservoirs is causing alarm
in many places;

Of particular interest is the section of the book devoted to reclamation and flood

control schemes planned by engineers of the two large federal agencies involved. In dis-

cussing the value of water to us, three nondestructive uses are listed : 1. water power ;

2, navigation ; 3, recreation. The author states, "Water power is important, so is navi-

gation, and recreation is fundamental to maintaining individual and community stam-

ina and soul. In a broad sense, all these nondestructive uses can fit in with other de-

mands without too much downright conflict because they do not destroy water. But they

must be planned for, their value must be recognized, particularly in recreational use.

and only then, if we do such planning and fitting-together, can we hope to secure the

fullest return from the water wealth we have."

The book is well filled with statistical information but is never dull reading. In fact,

one's interest is so concentrated on the subject matter thai it is disappointing when the

final chapter closes. I unreservedly commend the book to all conservationists, regard-

less of their special resource interest, and to all citizens who are interested in the con-

tinuing welfare of our country.—Harry A. Hanson, California Department of Fish

and Game.
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Guide to the John Muir Trail and the High Sierra Region

By Walter A. Starr, Jr.; The Sierra Club, Sau Francisco, 1951; xii + 130 p. $2
i paper); $2.75 (cloth). 4th Edition.

Whether you are a devout lover of the High Sierra wilderness bent on probing "the

countless half-told secrets of the rocks and trees and myriad unexplored aspects of

the ever-changing scene," <>r merely an occasional vacationer in the high country, you'll

want—and need—the new. fourth edition of "Starr's Guide."
This compact knapsack volume is still the best comprehensive guide to High Sierra

trails. The plan of the book is similar to previous editions, but considerable new mate-
rial has been added, parts have been rewritten, and the whole has been altered to

include more information per portage-ounce.
The new edition contains a brief history of the origin of the John Muir Trail. The

key to trail descriptions and map references has been expanded. Parts of the intro-

duction on roads and approaches, advice to travelers, and maps and information have

been revised. Trail mileages and distances have been corrected and additional routes

and points of interest have been included. Many place descriptions have been rewritten

and now include more notes on locations for camping and grazing.

Finally, the strip map showing Starr's "chain of blue lakes," the Muir Trail, and
its approaches and laterals has been redone with many new knapsack routes added
for the enthusiastic trail traveler.

The new "Starr's Guide" is not just a pocket volume, but a lifetime key to treasures

of the High Sierra region.—Elden H. Vestal, California Department of Fish and Game.

Fisherman's Spring

By Roderick Haig-Brown ; William Morrow and Company, New York, 1951; 222

p. ; $3. Illustrated by Louis Darling.

No one has captured—the reviewer drops his guard and adds—perhaps no one ever

will capture the spirit of the northwestern streams as well as Roderick Haig-Brown.
In "Return to the River," "The Western Angler," and especially in "A River Never

Sleeps," the angler-reader feels the push of the current against his waders, the slip

of the gravel beneath his feet, and experiences the sudden, solid strike of a steelhead

at the end of a long line. He watches the osprey high in the sky, follows the beat of

mergansers up the canyon, and hears the chatter of the kingfisher. Most of all he feels

the pulse and change of the seasons and the complexity of the underwater life. What
then of Haig-Brown's newest book—this collection of essays or sketches? Does it

fulfill the promise of his earlier ones? The author, himself, says : "In starting a new
fishing book I have an uneasy feeling that I ought to protect myself with some . . .

graceful apology ... I have already written a lot about fish and fishing, and per-

haps I have nothing new to say." And perhaps both the reviewer and the author agree
here, for occasionally I thought, "This, I have read before." To me the writing lacks

the freshness of his earlier books. The chapters seem slighter, with less substance ;

a few will appeal to only a limited audience: they are too personalized. Still, who can

tell what the effect will be upon a new reader? I think that parts of the book will cap-
tivate him and so turn him, to his complete benefit, to the earlier books. As for those

readers whom the author has already won, they can be reassured that he is still writ-

ins "what is in him and of him" and that should suffice. Haig-Brown's book will appeal
to the technical angler as well as to the contemplative lover of nature. His knowledge
of fisheries biology is both sound and invested with feeling. His ideals of sport and
conservation are high. I wish that all sportsmen would read such chapters as "Putting
Fish Back" and "Fishing and the Common Man."—Wm. A. Dill. California Depart-
iiii a! nt Fish mill > in me.

Flowers of the Southwest Desert

By Natt N. Dodge, drawings by Jeanne R. Janish ; Southwestern Monuments Asso-

ciation, Santa Fe, New Mexico, 1951, 112 p. $1 (paper).

"Flowers of the Southwest Desert" is a handbook of the common flowering plants
of the deserts of Southwestern United States and Northwestern Mexico. Specifically,

the following areas are covered: the Chihuahuan, the Sonoran, and the Mohave-
Colorado deserts. The booklet has a twofold purpose, (1) to aid the layman in identi-

fying desert flowers, and (2) to give some background material about each of the

various plants listed.
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Two methods arc used in the identification of deserl flowers: (1) the plants are

grouped according to the color of their flowers, and (2) there are detailed drawings
of each plant. The author acknowledges the inherent weakness of a color key in

identifying wildflowers, but, as explained by him, success in using the booklet depends
upon one's becoming accustomed to it. In several field trials made by the reviewer
near the Salton Sea, California, the color key did prove to be a minor si umbling block ;

however, after a few trials, one soon overcomes this obstacle. The drawings ar<

excellent, an important factor, since identifications depend upon them. Many drawings
include minute details, such as shapes of leaves and fruits, arrangements of hairs on

stems and leaves, cross-sections of stems, etc. These details often appear when mosl
needed in making determinations. The sketches showing the size of the plants relative

to an average man are of help also.

The background material is brief but contains a wealth of information. Included
are such items as the origin of the plant names, the use of the plants by wild and
domestic animals, and the use by human inhabitants, past and present. This type "f

information adds immeasurably to the booklet's value as a field guide. In addition

to making the booklet more interesting, the information is easier to remember.
The occasional visitor to desert regions will find his trips enriched by the use of this

booklet. On the other hand, the serious botanist will find it all too brief.—Leo Pinkas,

California Department of Fish and Game.

American Wildlife and Planis

By Alexander C. Martin, Herbert S. Zim and Arnold L. Nelson ; McGraw-Hill
Book Co., Inc., New York, 1951 ; ix + 500 p., $7.50.

This book is a guide to wildlife food habits in the United States, bringing together a

summary of the large fund of food habits data collected by the Fish and Wildlife

Service plus data from other workers.

The book is divided into three parts. Part one is of an introductory nature and dis

cusses in general terms the relationships of animals to plants, gives methods of colled

ing and analyzing food habits materials and explains how to interpret the data pre

sented in the text. Pai*t two is concerned primarily with birds and mammals and the

foods which they consume. Nine categories or major units of animals are listed and

each is treated as a separate chapter under the following titles: waterbirds; marsh-

birds and shorebirds ; upland gamebirds; songbirds; birds of prey; fur and game
mammals; small mammals; hoofed browsers; and fish, amphibians and reptiles. Under

these categories the species are taken up individually. For each species the following

data are given: the range, shown on an outline map; life history notes; an animal

plant food ratio diagram giving at a glance the percentage of plant and animal food

in the diet by season of the year; brief notes on any animal food that may be taken
;

and a list of the important plant foods in the diet. The plant foods are given a rating

as to importance; also noted is the reason of the year when each is eaten, the section

of the United States where each is important and the number of analyses upon which

the summaries are based. Part three deals with the plants which are useful to wild-

life. The plants are grouped into four major categories as follows: woody plants; up-

land weeds and herbs; marsh and aquatic plants; and cultivated plants. Under th

categories the main genera are taken up individually. Information on the genera

includes an outline map showing distribution, notes on distribution, parts eaten, and

a list of animals which feed on the plants with a rating of their importance to each

animal.

The food habits of birds of prey and predatory mammals are but briefly treated as

this book deals mainly with plants in relation to animals. Also, the section on fish,

amphibians and reptiles is sketchy.
The book is to be recommended as a reference for game managers and technicians.

Further, it is written in a style which can be readily understood by sportsmen, farmers

and others who may have an interest in wildlife food habits. However, technical

workers in the wildiife field will find the information presented to be rather gener

alized, for the subject is complex and precludes detailed treatment in any one book.

Research into local problems of food habits is still desirable.—Carol M. Ferrel, Cali-

fornia Department of Fish and Game.
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Practice of Wildlife Conservation

By Leonard W. "Wing ; John Wiley and Sons, Inc., New York, 1951 ; viii + 412

p.; 40 photographs, 21 figures. $5.50.

This is a general textbook covering the broad field of wildlife conservation and man-
agement. The contents include 24 chapters, among them the following: Techniques of

Field Investigations and Practices. Farm Game and Its Management, Forests and
Forest Wildlife Management, Foresl Game Mammal Management, Game Management
in the Open Range, Northland Wildlife, Fur Bearer Management, Wildfowl Man-
agement, Stream Improvement and Management, State Powers and Controls, Federal
Wildlife Controls in the United States, and Administration and Regulation. A help-
ful selected reading list is given at the end of each chapter, and there is as well a very

complete index.

This book, though primarily prepared for students at the college level, is also a good
handbook for the field man. Dr. Wing endeavors to blend the theoretical and scientific

aspects of conservation with actual field practice that experience has shown to be
desirable and workable. The biology of wildlife is integrated with management prac-
tices and therefore gives the reader a broad outlook in the field of wildlife conservation.

Some wildlife technicians, however, may find it hard to support Dr. Wing's con-

clusions on many of the subjects discussed. To cite one example, he does not include

California as a state where the ring-necked pheasant has been successfully introduced.

And some of the causes or results of wildlife problems are presented with definite

conclusions, seemingly without recognizing the possibility that one problem may not
have the same cause or solution in all parts of America.—Jo/m B. Cowan, California

Department of Fish and Game.
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FISH CASES

July, August, September, 1951

Offense

Abalone: Overlimit; out of shell; undersize; failure to show; no license; closed

season

Angling: No license; using another's license; failure to show license; false in-

formation on license application; predating license; no noncitizen license; non-
resident purchasing resident license; closed waters; 2 poles; 3 poles; too near

dam; night fishing; set lines; more than 2 attractor blades; possessing spear
within 300 feet of stream

Barracuda: Selling fish taken on sport boat
Bass: Closed season; taking with net, with 2 poles, in refuge; overlimit; night

fishing; undersized; failure to show fish; no license; wastage; possessing for

sale in restaurant

Catfish: Undersized

Carp: No license

Clams: Closed season; overlimit; no license; undersized; digging during illegal

hours; night digging; taking in state preserve; taking and selling undersized;
failure to show license . .

Commercial: No commercial license; overlimit frogs, abalone; possession and sale

undersized crabs, salmon, catfish, white sea bass; sale of undersized tuna and

skipjack; illegal use of round hand net, trawl net; selling untagged trout, cat-

fish without dealer's license and without making receipts; failure to keep boat

records, to register boat; operating salmon troll boat without landing net or

scoop; lobsters, closed season; abalones out of shell; dealer allowing sardines

to deteriorate

Crab: Possessing live crabs, closed season

Frog: Shooting at night; undersized; taking at night
Grunion: Closed season

Lobster: Closed season .

Pollution: Oil ; continuous oil pollution ; pumping oil into water; beet sugar residue.

Salmon: Overlimit; taking with gaff, at night, 2 rods; possessing gaff within 300
feet of river

Sunfish: Overlimit; closed season; taking with net in District 2

Trout: Overlimit; 2 rods; failing to show on demand; taking in closed waters, by
means other than angling, with net; failing to declare fish taken outside

State; no license; using 2 poles; blocking trout stream with pump without

permit
Sale of seized fish

Totals.

Number
of

arrests

91

388
1

180

2

2

97
1

2

2

4

7

If,

48

915

Fine

imposed

Jail

sentences

(daysl

$2,482.00

7,413.00
50.00

5,942.00
35.00
50.00

1,665.00

6,442.50
200.0(1

75.00
30.00
100.00

1,300.00

325.00
437.00

1,464.00

3,244.24

15

151 '

10

$31,254.74 180J-J

(141)
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GAME CASES

July, August, September, 1951

Offense

Number
of

arrests

Fines

imposed

Jail

sentences

(days)

Antelope: Taking female

Deer: Taking fawn, spike buck, doe, doe at night, doe by spotlight, forked horn

by nonresident using resident license; possession of fawn, of gun and deer in

refuge, of artificial light while hunting, of another's tags; failure to tag, to

retain hide and antlers; no tags in possession; mutilating tags; hunting at

night, with .22 rifle, without license, in refuge; shooting from car; closed

season; allowing dogs to chase, closed season; stealing deer; picking up fawn. .

Deer meat: Possessing unstamped meat, portions of doe, illegal meat, in closed

season; transporting in closed season

Dove: Closed season; alien shooting without license; illegal possession; shoot-

ing from car, after sunset, with unplugged gun__
Duck: Closed season; late shooting; illegal possession
Goose: Illegal possession

Hunting: Shooting from motor vehicle; hunting without license; gun in refuge;

unplugged shotgun; false statement in securing license; night hunting; possess-

ing gun, spotlight; using artificial light; loaded gun in car; shooting from public

road; failing to show license

Nongame birds: Killing blue heron .-..

Pheasant: Taking hen; closed season; no license; hunting with .22 rifle; raising

pheasant without breeder's license; taking from auto; hunting in closed coop-
erative area

Quail: Closed season; no license; illegal possession
Rabbit: Taking after hours; closed season; no license; shooting from road;

night hunting; failing to show; shooting from auto; spotlighting; unplugged

shotgun ---

Sage hen: Closed season

Totals

172

41

84

7

1

66
1

45
6

66
4

$100.00

18,009.00

4,600.00

3,050.00
275.00
25.00

2,505.00
25.00

3,507.00
310.00

1,990.00
500.00

494 $34,896.00

557',

225

300

40
25

1,147

SEIZURES OF FISH AND GAME

July, August, September, 1951

Number Pounds

Fish:

Abalone
Barracuda..
Bass

Carp
Catfish

Clam
Crab

Frog
Grunion
Lobster
Perch
Rockfish
Salmon
Sardine

Sunfish
Trout
Tuna

Game:
Antelope
Deer
Dove
Duck
Goose
Heron, Blue.
Pheasant

Quail
Rabbit

Sage Hen..

1,055

~"830"

"m~
2,637

59
234
21

20
14

16

710
455

1

89

258
5

1

1

124

13

97

12

209
3

50
6

1,075

3,359

~

"12,662"

"367"



ERRATUM

"A Preliminary Analysis of Northern California

Salmon and Steelhead Runs," vol. 37, no. 4. On
page 505 on the fourth line under "Discussion,"

read "density-independent" for "density-de-

pendent."

printed in California state printing office
5108G 9-51 8M





Notice is hereby given that the Fish and Game Commission shall meet on

January 4, 1952, in the State Building, San Francisco, California, to receive

recommendations from its own officers and employees, from public agencies,
from organizations of private citizens, and from any interested party as to

what, if any, orders should be made relating to fish, mollusks, crustaceans,

amphibia, reptiles, birds, and mammals or any species or variety thereof.

Notice is hereby given that the Fish and Game Commission shall meet on

January 25, 1952, in the California State Building, Los Angeles, to hear and
consider any objections to its determinations and proposed orders in accord-

ance with Section 1 4.2 of the Fish and Game Code, such determinations and
orders resulting from hearing held on January 4, 1952.




